cQjQOOOmi  196 


AGARD-R-695 


fcsg* 

■£'**>*~ ■  fc :a  /A'.-.Vv  r  . 


aw*  ^  /r 

US  jj^pMpwpBfe 


rail 


*wr-**v?* 

113 


.  „  .  m 

•WJ^: 


m 


*7?^' 


■*'  ■"  ”  fc— -v WmmmmmJ •„ UmmmJ  v-^ .'■  * 


1 7  RUE  ANCElL^9220ptNEUlLLY‘SUR  SEINFfRANCE#^? '■•■■;'  *'• 


AGARD  REPORT  Na  695 


An  AGARD-Coordinated 
Corrosion  Fatigue  Cooperative 
Testing  Programme 

Reproduced  From 
Best  Available  Copy 


IUTION  AND  AVAILABILITY 
\  ON  BACK  COVER 


82  04  22  001 


[fr.VfllfllO] 


& 

NATO  ^  OTAN 

7  RUE  ANCELLE  •  92200  NEUIUY  SUR  SEINE 
FRANCE 


DISTRIBUTION  OF  UNCLASSIFIED 
AGARD  PUBLICATIONS 


Telephone  74S.08.I0  •  Teiex  610176 


AGAKD  don  NOT  hold  stocks  of  AGARD  publications  at  the  above  address  for  general  distribution.  Initial  distribution  of  AGARD 
publications  is  nude  to  AGARD  Member  Nations  through  the  following  National  Distribution  Centres.  Further  copin  are  sometimn 
available  from  these  Centres,  but  if  not  may  be  purchased  in  Microfiche  or  Photocopy  form  from  the  Purchase  Agencies  listed  below. 

NATIONAL  DISTRIBUTION  CENTRES 

BELGIUM  ITALY 

Coordonnateur  AGARD  -  VSL  Aeronautics  Militare 

Etat-Major  de  la  Force  Adrienne  Ufficio  del  Delegato  Nazionale  aif  AGARD 

Quartier  Reine  Elisabeth  3,  Piazzale  Adenauer 

Rue  d'Evete,  1 140  Bruxelles  Roma/ EUR 


CANADA 

Defence  Science  Information  Services 
Department  of  National  Defence 
Ottawa,  Ontario  K1 A  OK2 

DENMARK 

Danish  Defence  Research  Board 
Oiterbrogades  Kascme 
Copenhagen  Q 

FRANCE 

O.N.&R.A.  (Direction) 

29  Avenue  de  la  Division  Lecierc 
92320  Chltillon  sous  Bagneux 


LUXEMBOURG 
See  Belgium 

NETHERLANDS 

Netherlands  Delegation  to  AGARD 
National  Aerospace  Laboratory,  NLR 
P.0.  Box  126 
2600  A.C.  Delft 

NORWAY 

Norwegian  Defence  Research  Establishment 
Main  Library 
P.O.  Box  23 
N-2007  Kjeller 


GERMANY 

Fschinformationszentrum  Energie, 
Physik,  Mathematik  GmbH 
Kemforschungszentrum 
D-7514  Eggenstein-Leopoidshafen  2 

GREECE 

Hellenic  Air  Force  General  Staff 
Research  and  Development  Directorate 
Holargos,  Athens 

ICELAND 

Director  of  Aviation 
c/o  Flugrad 
Reykjavik 


PORTUGAL 

Direcflo  do  Servifo  de  Material 

da  Forca  Acres 

Rua  da  Escola  Politdcnica  42 

Lisboa 

Attn:  AGARD  National  Delegate 
TURKEY 

Department  of  Research  and  Development  (ARGE) 
Ministry  of  National  Defence.  Ankara 

UNITED  KINGDOM 

Defence  Research  Information  Centre 
Station  Square  House 
St.  Mary  Cray 
Orpington,  Kent  BR3  3RE 


UNITED  ST  VTES 

National  Aeronautics  and  Space  Administration  (NASA) 

Langley  Field,  Virginia  23365 

Attn:  Report  Distribution  and  Storage  Unit 


THE  UNFED  STATES  NATIONAL  DISTRIBUTION  CENTRE  (NASA)  DOES  NOT  HOLD 
STOCKS  OF  AGARD  PUBLICATIONS,  AND  APPLICATIONS  FOR  COPIES  SHOULD  BE  MADE 
DIRECT  TO  THE  NATIONAL  TECHNICAL  INFORMATION  SERVICE  (NFS)  AT  THE  ADDRESS  BELOW. 


Microfiche  or  Photocopy 
National  Technical 
Information  Service  (NTIS) 
5283  Port  Royal  Road 
Springfield 
Virginia  22161.  USA 


PURCHASE  AGENCIES 
Microfiche 

Space  DocumenU'ion  Service 
European  Space  Agmcy 
10.  rue  Mario  Nikii 
75015  Paria,  France 


Microfiche  or  Photocopy 

British  Library  Lending 
Division 

Boston  Spa,  Wetherby 
West  Yorkshire  LS23  7BQ 
England 


Requests  for  microfiche  or  photocopies  of  AGARD  documents  should  include  the  AGARD  serial  number,  title,  author  or  editor,  and 
publication  date.  Requests  to  NTIS  ihould  include  the  NASA  accession  report  number,  Fi'll  bibliographical  references  and  abstracts 

of  AGARD  publications  are  given  in  the  following  journals: 


Scientific  and  Technical  Aerospace  Reports  (STAR) 
published  by  NASA  Scientific  and  Technical 
Information  Facility 
Pott  Office  Box  8757 

Baltimore/Washington  International  Airport 
Maryland  21240.  USA 


Government  Reports  Announcements  (GRA) 
published  by  the  National  Technical 
Information  Services,  Springfield 
Virginia  22161,  USA 


Printed  by  Technical  Editing  and  Reproduction  Ltd 
Harford  Home,  7-9  Charlotte  St.  London  WIPIHD 


ISBN  92-835-1413-0 


AGARD-R-695 


NORTH  ATLANTIC  TREATY  ORGANIZATION 
ADVISORY  GROUP  FOR  AEROSPACE  RESEARCH  AND  DEVELOPMENT 
(ORGANISATION  DU  TRAITE  DE  L’ATLANTIQUE  NORD) 


AGARD  Report  No.695 

AN  AGARD-COORDINATED  CORROSION  FATIGUE 
COOPERATIVE  TESTING  PROGRAMME 
by 

R.J.H.Wanhill 

National  Aerospace  laboratory -NLR 
Amsterdam 
The  Netherlands 

and 

J.J.De  Luccia 

Naval  Air  Development  Center 
Warminster,  PA 
USA 


Approved  I«  public  wleewe 
Distribution  Unlimited 


This  Programme  was  sponsored  by  the  Structures  and  Materials  Panel  of  AGARD. 


THE  MISSION  OF  AGARD 


The  mission  of  AGARD  is  to  bring  together  the  leading  personalities  of  the  NATO  nations  in  the  fields  of  science 
and  technology  relating  to  aerospace  for  the  following  purposes: 

-  Exchanging  of  scientific  and  technical  information; 

-  Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

-  Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

-  Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the  field 
of  aerospace  research  and  development; 

-  Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations  in 
connection  with  research  and  development  problems  in  the  aerospace  field; 

-  Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

-  Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities  for 
the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  AGARD  is  the  National  Delegates  Board  consisting  of  officially  appointed  senior 
representatives  from  each  member  nation.  The  mission  of  AGARD  is  carried  out  through  the  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Programme  and  the  Aerospace 
Applications  Studies  Programme.  The  results  of  AGARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  AGARD  series  of  publications  of  which  this  is  one. 

Participation  in  AGARD  activities  is  by  invitation  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 


The  content  of  this  publication  has  been  reproduced 
directly  from  material  supplied  by  AGARD  or  the  authors. 


Published  February  1982 

Copyright  ©  AGARD  1982 
All  Rights  Reserved 

ISBN  92-835-1413-0 


Primed  by  Technical  Editing  and  Reproduction  Ltd 
Harford  House,  7  9  Charlotte  St.  London.  WIP I  HD 

U 


PREFACE 


Failure  by  fatigue  and  degradation  by  corrosion  continue  to  be  major  considerations  in 
aircraft  design.  Environmental  effects  are  known  to  influence  both  the  initiation  and 
propagation  of  fatigue  cracks  whereas  dynamic  loading  may  cause  a  more  rapid  deterioration 
cf  a  corrosion  protection  scheme.  Therefore  the  conjoint  action  of  dynamic  loading  and 
environmental  attack,  i.e.  corrosion  fatigue,  requires  special  attention. 

Many  corrosion  fatigue  tests  have  been  done  on  aluminium  alloys.  However,  few 
included  critical  details,  like  joints,  under  realistic  cyclic  load  histories  and  in  service-like 
environments.  Even  fewer  used  practical  corrosion  protection  systems.  Consequently,  in 
1977  .iie  AGARD  Structures  and  Materials  Panel  appointed  Dr  R.J.H.Wanhill  and 
Dr  J.J.De  Luccia  as  coordinators  for  a  Co.rosion  Fatigue  Cooperative  Testing  Programme 
(CFCTP).  The  CFCTP  was  a  programme  of  round-robin  testing  in  which  eight  laboratories 
from  Europe  and  North  America  participated. 

The  present  report  is  in  two  parts.  Part  1  con?  'sts  of  a  manual  in  which  all  technical 
requirements  and  tes'  details  for  the  CFCTP  are  specified.  Part  2  presents  the  results  of  the 
CFCTP,  which  was  completed  in  mid- 1981. 

f-iccessful  completion  of  the  CFCTP  has  led  to  the  establishment  of  a  more  extensive 
programs.  ..’-signaled  Aircraft  Environment  Simulation  Fatigue  Testing  (AESFT).  This 
programme  is  scheduled  to  be  completed  in  1984. 


H  P.  VAN  LEEUWEN 
Chairman,  Sub-Committee  on 
Corrosion  Fatigue 
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PART  1 

MANUAL  TOR  THE  AGARD-COORDINATED  CORROSION  FATIGUE 
COOPERATIVE  TESTING  PROGRAMME  (CFCTP) 


t .  INTRODUCTION 


In  1976  the  Structures  anil  Materials  Panel  (SMP)  of  the  Advisory  Group  for  Aerospace  Research  and 
Development  (AGARD)  in  NATO  formed  an  ad  hoe  group  for  the  subject  of  corrosion  fatigue  in  aerospace 
structural  materials.  Authors  from  several  NATO  countries  were  invited  to  present  pilot  papers  on  this 
subject  at  the  l*l*th  Meeting  of  the  SMP  in  Lisbon,  Portugal,  in  April  1977.  At  that  meeting  it  was 
decided  to  form  an  AGARD  Sub-Committee  and  to  appoint  Kuropean  and  North  American  coordinators  for  a 
cooperative  programme  on  corrosion  fatigue  of  aerospace  materials  of  particular  interest  to  the  NATO 
count  ries. 

The  incentive  for  such  a  programme  came  from  the  fact  that: 

•  many  fatigue  failures  in  aerospace  structures  are  facilitated  by  environmental  effects 

•  there  were  few  available  data  for  fatigue  life  reductions  owing  to  corrosion  in  aerospace 
envi ronments 

•  there  were  even  fewer  data  concerning  the  effectiveness  of  modern  corrosion  protection  systems: 
these  systems  are  degraded  by  long  time  exposure  and  cyclic  loads  and  can  be  damaged  by  corrosion 
or  by  impact  of  foreign  objects. 

The  objectives  of  this  cooperative  programme  were: 

•  to  assess  the  effectiveness  of  state-of-the-art  protection  schemes  for  alwinium  alloys  with 
respect  to  corrosion  fatigue  and  corrosion  ♦  fatigue 

•  tostimulate  the  development  of  new  protection  products,  procedures  and  techniques 

•  to  bring  researchers  on  both  sides  of  the  Atlantic  together  in  a  common  testing  effort  that  would 
result  in  a  better  understanding  of  the  corrosion  fatigue  phenomenon  and  the  means  of  mitigating 
it  for  aerospace  structural  materials 

•  to  enable  participating  laboratories  to  add  to  their  fatigue  testing  capabilities  by  using  a 
controlled  atmospheric  corrosion  environment. 


?.  PROGRAMME  OVERVIEW 

I 

As  original  ly  envisaged  the  AGARD-coordinated  corrosion  fatigue  cooperative  testing  programme 
1 CECTP)  consisted  of  participation  in  a  two-phase  core  programme  of  round-robin  testing  and  additional 
programmes  of  supplemental  testing  directed  to  the  requirements  of  individual  laboratories,  with  the  entire 
programme  scheduled  to  finish  in  1900.  However,  during  the  course  of  the  programme  it  became  clear  that 
its  scope  and  complexity  would  prevent  meeting  this  target  date,  although  the  core  programme  would  be 
finished.  In  order  to  allow  timely  reporting  of  the  core  programme  results  it  was  decided  to  present 
them  in  Part  2  of  this  report.  Supplemental  testing  programme  results  will  be  subsequently  reported. 

2.1  Gore  Programme 

In  any  cooperative  programme  there  are  a  number  of  parameters  requiring  consideration.  For  the 
CPCTP  the  main  variables  were:  ! 

•  material  and  heat  treatment  j 

•  specimen  configuration 

•  protective  systems  and  specimen  treatment 

•  mechanical  test  conditions  (static  prestressing  and  fatigue) 

•  environmental  conditions  (pre-exposure  and  corrosion  fatigue). 

The  core  programe  specified  identical  conditions  for  all  of  the  foregoing  parameters,  as  follows: 

•  material  and  heat  treatment:  3 .2  ma  7075-T76  bare  aluminium  alloy  sheet  supplied  especially  by 

ALCOA  from  one  heat. 

ti  dogbone  mechanically  fastened  by  cadmium  plated  steel  Hi-Loks 
from  a  single  batch  of  fasteners.  All  prior-to-assembly  aluminium 
alloy  parts  of  specimens  manufactured  by  the  U.S.  Air  Force  Materials 
Laboratory  (AFML). 

Applied  by  the  U.S.  Naval  Air  Development  Centre  ( NADC)  as  follows 
(see  also  section  3.**): 

-  after  machining  by  the  AFML  the  specimen  parts  were  treked  with 
a  chromate  conversion  coating 

-  an  inhibited  epoxy  polyamide  primer  va»  applied  except  to 
fast.-,  er  areas 

-  specimen  assembly  using  aircraft  quality  cadmium  plated  steel 
Hi-Loks  and  re-priming 

-  an  aliphatic  polyurethane  topcoat  was  applied  to  the  specimen 
exterior  surfaces 

-  specimens  were  individually  wrapped  and  shipped  in  batches  to 
participating  laboratories 

-  faying  surface  side  edges  and  Ki-lok  collars  were  to  be  sealed  by 
participating  laboratories. 


•  specimen  configuration 


•  protective  systems  and 
specimen  treatment 


•mechanical  teat  conditions: IV fore  environmental  exposure  mid  fatigue  testing  all  specimens  were 
(static  prestrossing  and  prestressed  at  i'(W  ♦  to  K  with  two  cycles  to  the  maximum  stress 

•  fatigue)  occurring  in  the  subsequent  fatigue  test  or  2 1  5  Mia,  whichever  was  the 

/T’-Mt’-r,  in  order  to  crack  the  paint,  and  primer  layers  in  the  fastener 
hole  vicinities.  Fatigue  testing  was  with  constant  amplitude  loading 
at  a  stress  ratio  R  (=!'  -  )  of  0.1.  Cycle  frequencies  of  2  Hz  in 

air  and  0.5  Hz  in  salt  spray. 

•  environmental  conditions  :  After  prestrossing  the  faying  surface  side  *  dgen  and  Hi-Lok  collars 

(pre-exposure  and  corro-  were  sealed  where  necessary.  Pro-exposure  was  in  5  %  aqueous  NaCi  to 
sion  fatigue)  which  a  predetermined  amount  of  F>0^  gus  was  added  by  reacting  Na^GO^ 

pellets  with  .  This  react  ion' was  accomplished  in  vented  test 

tubes  suspended  above  the  salt  solution,  which  was  kept  at  315  +  ?K. 
Pre-exposure  was  for  12  hours.  The  corrosion  fatigue  environment  wa3 
a  5  %  aqueous  ffa'Jl  salt  spray  acidified  with  H^CO.  to  pH  14  and 
controlled  to  205  ♦  2K.  All  other  fatigue  tests  occurred  in  laboratory 
air  at  205  +  5K,  relative  humidity  30  -  TO  %, 

2.1.1  Cere  programme  phases 

The  core  programme  was  in  two  phases: 

•  in  phase  I  fatigue  tests  were  carried  out  in  laboratory  air 

•  in  phase  IX  fatigue  tests  were  carried  out  in  acidified  salt  spray. 

This  phasing  was  intended  to  assist  the  scheduling  for  construction  of  a  salt  spray  chamber  for  corrosion 
fatigue  testing,  while  allowing  early  commencement  of  the  programme  by  conducting  fatigue  tests  in  air. 

•2.1.2  Test  schedules 

The  following  table  gives  the  testing  schedules  for  the  core  programme.  The  stress  levels 
(S  and  S  .  3  0.1  S  )  were  determined  from  pilot  tests  at  the  National  Aerospace  Laboratory  NL?  of 

the^etherlancls ,  see  section  10.1. 


CORE  PROGRAMME  "EUT  SCHEDULES 


2.2  Supplemental  Testing 

A  programme  of  supplemental  testing  waa  included  so  that  individual  laboratories  could  investigate 
the  corrosion  fatigue  problems  of  particular  relevance  to  them.  However,  it  was  emphasized  that  testing 
should  be  conducted  with  as  much  commonality  a3  possible  within  the  CFCTP. 

It  was  recommended  that: 

•  the  snj..e  specimen  configuration  be  used  as  for  the  core  programme 

•  mechanical  test  conditions  be  identical  (see  section  2.2.1) 

•  environmental  conditions  (pre-exposure  and  corrosion  fatigue)  be  identical  to  those  for  the  core 
programme. 

Further,  it  was  advised  that  efforts  should  be  made  to  obtain  materials  of  mutual  interest  from 
one  heat.  Then  the  only  variable  would  be  the  type  of  corrosion  protection  system  applied.  Via  the 
programme  coordinators  several  laboratories  did  in  fact  agree  to  test  materials  from  a  common  source. 
Also,  upwards  of  200  specimens  identical  to  those  for  the  core  programme  were  available  to  CFCTP 
participants  for  applying  different  corrosion  protection  systems.. 


2.2.1  Mechanical  test  conditions 

Before  environmental  exposure  and  fatigue  testing  all  specimens  were  prestressed  at  209  +,  10K  with 
two  cycles  to  the  maximum  stress  occurring  in  the  subsequent  fatigue  test  or  215  MPa,  whichever  was  the 
greater,  in  order  to  crack  any  inflexible  paint  and  primer  layers  in  the  fastener  hole  vicinitie;  . 

For  fatigue  testing  the  following  table  specifies  the  loading  type  and  frequency. 

FATIGUE  TEST  CONDITIONS  FOR  SUPPLEMENTAL  TESTING 


LOADING  TYPE 

CYCLE  FREQUENCY 

constant  amplitude,  R  »  0.1 

2 

Hz 

in 

air 

0.5 

Hz 

in 

salt 

spray 

manoeuvre  spectrum  FALSTAFF 

15* 

Hz 

in 

air 

2* 

Hs 

in 

salt 

spray 

gust  spectrum  MINI-TWIST 

15* 

Hz 

in 

air 

5* 

Hz 

in 

salt 

m 

I 

*  nominal  frequency  based  on  total  duration  and  number  of  load  excursions  for  each  flight  block 


2.2.2  Pilot  tests 

Pilot  fatigue  tests  vere  conducted  to  determine  the  stress  levels  giving  a  desired  uncorroded 
fatigue  life.  The  following  table  is  an  example  of  pilot  test  requirements  for  supplemental  testing  at 
the  NLR.  More  details  are  given  in  section  10.1. 

EXAMPLE  CF  NLR  PILOT  TEST  REQUIREMENTS  FOR  SUPPLEMENTAL  TESTING 


MATERIAL 

LOADING  TYPE 

REQUIRED  STRESS  LEVELS  FOR  UNCORRODED  SPECIMENS 

7075-T6 

constant  amplitude, 

R  -  0.1 

for  a  life  n.  10^  cycles 

FALSTAFF 

SMt  for  a  life  n.  1»000  flights 

S~*  for  a  life  n.  10,000  flights 
max 

202U-T3 

constant  amplitude, 

R  ■  0.1 

Snr  for  a  life  n.  10^  cycles 

MINI-TWIST 

S.  for  a  life  \  10,000  flights 
for  a  life  1(0,000  flights 

e 


2.3  Milestone 

The  following  milestone  chart  for  the  CFCTP  i »  approximate.  The  moat  noteworthy  feature  ia  that 
owing  to  the  number  of  laboratories  participating  (10-11)  there  was  a  fairly  wide  'ariation  in 
"start-up"  times  for  the  various  activities.  Thus  the  planning  of  such  cooperative  programmes  requires 
ample  time  allowance  for  data  compilation  and  reporting. 


3  SPECIMEN 

The  CFCTP  core  programme  and  recommended  supplemental  testing  specimen  was  a  1 5  dogbone  containing 
a  row  of  two  countersunk  Hi-Lok  fasteners.  The  specimen  simulates  the  load  transfer  and  secondary  bending 
characteristics  of  runouts  of  stiffeners  attached  to  the  outer  skin,  and  was  developed  by  the 
Laboratorium  f&r  Betreibsfestigkeit  (LBF)  West  Germany. 

The  specimen  has  the  following  characteristics  (see  also  figure  1): 
a  load  transfer  is  AP/P  a.  Uo  X 
•  secondary  bending  is  c^/c^  a.  50  X. 


Additional  points  concerning  these  characteristics  are: 

•  for  a  clearance  fit  and  fastener  without  clamping  force  the  load  transfer  will  drop  and 
become  load  dependent 

•  when  load  transfer  drops  the  secondary  bending  decreases 

•  with  fastener  systems  providing  clamping  force  corresponding  to  Hi-Lok  collars  at  torque- 
off  the  load  transfer  is  not  influenced  by  fastener  fit  (faying  surfaces  are  coated  with 
primer) 

•  secondary  bending  stress  m\y  shift  location  of  crack  initiation  from  hole  surface  to 
faying  surface,  notably  for  specimens  without  corrosion  damage  in  the  fastener  areas 

•  tension  limit  load  is  P  a  Uo  kN,  based  on  static  ultimate  tensile  strength  of  7075-T6 
alloy  3  mm  thick  sheet 

•  compression  limit  load  is  P  v  -  10  kN,  based  on  specimen  stability,  i.e.  a  specimen 
without  anti-buckling  support  will  not  buckle  when  compression  loads  do  not  exceed  -  10  kN: 
this  haa  been  verified  by  load  control  tests  at  the  NLR. 


V 

✓ 

\  N. 


3. 1  Configuration 


Figure  2  shows  the  configuration  of  the  CFCTP  core  programme  and  recommended  supplemental  testing 
specimen.  The  following  table  lists  the  component  parts  of  the  specimen. 

SPECIMEN  PARTS 


NUMBER  PER  ASSEMBLY 

PART  NUMBER 

NAME 

STOCK 

2 

-  5 

Hilok  cellars 

HL-70-8 

2 

-  k 

Hilck  pins 

HL-19-PB-8-5 

i* 

-  3 

Spacer 

3.2x80x65 

1 

-  2 

Haxf  plate 

3.2x80x185 

1 

-  1 

Fatigue  specimen 

3.2x80x300 

*  see  note  (7)  below 


The  CFCTP  core  programae  and  recoaaended  supplemental  testing 
specimen.  All  dimensions  are  in  millimetres. 

Special  tolerance  indications  are:  29  *  29  ♦  0.9 

29.0  *  29  +  0.09 
29.5  »  29  +  0.1 
29.5  -  29  +  0.2 


/ 

/" 


(1)  Hole  diameters  6.306  ♦  0.01*1*  mm  for  core  programme  specimens  (alight  presa  fit).  Hole 
diameters  6.21*8  +  0.0127  mm  (interference  fit)  or  6.306  +  0.01*1*  mo  (slight  press  fit)  for 
supplemental  testing  specimens. 

♦0.018 

(2)  All  holes  marked  thus  "  A  "  are  18  bib  diameter. 

(3)  At  the  centre  of  each  clamping  hole  the  longitudinal  tolerance  with  respect  to  the  centre 
of  its  neighbouring  clamping  hole  is  ♦  0.01  mm,  i.e. 


(It)  At  the  centre  of  each  clamping  hole  the  longitudinal  tolerance  with  respect  to  the 

junction  of  the  centreline  cf  the  specimen  and  the  line  joining  the  centres  of  neighbouring 
clamping  holes  is  ♦  0.003  mm,  i.e. 


(3)  Mill  finish  is  retained  on  all  surfaces  without  nicks,  marks  or  scratches. 


(6)  Fasteners  -It  and  collars  -5  are  installed  after  treatment  of  parts  but  before  topcoat 
application  (see  section  3.1*.  1). 

i 

(7)  It  is  not  necessary  that  a  spacer  -3  be  made  for  each  specimen. 

I 

3.2  Fastener  Holes 


The  cylindrical  parts  of  the  Hi-Lok  fastener  holes  in  the  fatigue  specimen 
were  drilled  usin^  special  step  drill  combinations  as  illustrated  in  figure  3. 


-1  and  half  plate  -2 

i 

i 


T lg.  3  Step  drill  combination  for  the 
fastener  holes 

The  following  table  gives  the  nominal  dimensions  of  the  step  drill  combinations  used  for  the  CFCTP 
specie ens. 

STEP  DP  ILL  COMBINATION  DIMENSIONS  POP  THE  CFCTP  SPECIMENS 


FASTENER 

STEP  DRILL 

DRILL 

HOLE  DIAMETERS  (mm) 

FIT 

NOMINAL 

NOMINAL 

DIAMET1'  (mm) 

DIAMETER  (mm) 

Minimum 

Maximum 

interference 

It. 8 

6.21*8 

6.235 

6.261 

slight  press 

1*. 8 

6.306 

6.262 

6.350 

After  countersinking  all  hole  edges  EXCEPT  the  countersink  were  lightly  deburred. 

3.3  Fasteners 

The  VOI-SHAN  Corporation  supplied  1000  identical  HL-19-PB-8-5  cadmium  plated  steel  Hi-Loks, 

2000  identical  ion  vapour  deposited  (IVD)  aluminium  coated  Hi-Loks  and  6COO  identical  HL-70-8  collars 
for  use  in  the  CFCTP.  Of  these  about  1600  HL-PB-8-5  Hi-Loks  and  HL-70-8  collars  were  designated  for 
the  core  prograsme  and  supplemental  testing  7075-T76  specimens.  The  remaining  Hi-Loks  and  collars 
were  available  to  CFCTP  participants  for  assembling  supplemental  testing  specimens. 

The  coding  -PB-8-5  refers  to: 

-  PB:  type  II  cadmium  plate 

-  8  :  6.35  tm  pin  diameter 

-  5  :  6.35  mm  to  7.91*  mm  grip  length. 


(a)  PIN 


(MODIFIED)  MAJOR  01  A. 
SMALL  BE  FEB  ’TO* 


Fig.  9  Hi-Lok  pin  sad  collar 


Figure  5  shows  the  Hi-Lok  pin  and  collar  with  lettered  indications  of  dimensions  given  in  the 
following  table. 


CFCTP  HI-LOK  PI*  AM)  COLLAR  DIMENSIONS  (MILLIMETRES) 


LETTERED 
DIMENS TONS 

A 

i  :a. 

B 

REF. 

D 

DIA. 

TD 

DIA. 

F 

H 

R 

RAD. 

l 

MAX. 

SOCKET 

U 

HEX. 

T 

DEPTH 

r 

DIA. 

PIS 

10.03 

9.90 

10.03 

6.337 

6.312 

6. 198 

6. 121 

0.152 

1.51*9 

1.1*99 

0.762 

0.508 

0.381 

2.1*56 

2.1*05 

3.810 

3.302 

3.607 

3.009 

.  LETTERED 
DIMENSIONS 

A 

DIA. 

*1 

DIA. 

B 

DIA. 

L 

L1 

REF. 

** 

REF. 

L3 

REF. 

P 

REF. 

V 

HEX. 

X 

REF. 

X1 

REF. 

COLLAR 

O  O 

kk 

11.73 

6.629 

6.1*01 

1*t. 02 

13.51 

8.63  6 

9.398 

11*. 53 

9.652 

8.788 

8.1*33 

2.81*5 

3.607 

3.**  Corrosion  Protection  and  Assembly 
3.1*.  1  Core  programme  specimens 

The  corrosion  protection  scheme  for  the  core  programme  specimens  vas  applied  as  follows: 

•  chromate  conversion  coating  on  ALL  surfaces 

•  inhibited  epoxy  polyamide  primer  EXCEPT  in  countersunk  fastener  holes 

•  assembly  of  fatigue  specimen  -1  and  half  plate  -2  with  Hi-Lok  fasteners  and  collars  and 
application  of  primer  to  the  fastener  area 

•  aliphatic  polyurethane  topcoat  applied  to  all  exterior  surfaces 

•  specimens  individually  vrepped  and  shipped  to  CFCTP  participants 

a  sealing  of  faying  surface  aide  edges  and  Hi-Lok  collars  for  phase  I  specimens  to  be  pre-exposed 
and  for  phase  II  specimens,  in  order  to  exclude  corrosion  attack  except  at  fastener  hole 
vicinities  (see  section  3.5). 

I  N0TES \ 

(1)  Sealing  of  faying  surface  side  edges  and  Hi-tok  collars  was  not  done  for  phase  I  core 
programme  specimens  only  to  be  tested  in  laboratory  air  (see  section  2.1). 

(2)  For  all  other  core  programme  specimens  the  sealing  of  faying  surface  side  edges  and 
Hi-Lok  collars  was  done  AFTER  prestressing  at  209  *,  10  (C  in  a  cold  box  (see  sections  2.1 
and  6). 

For  the  core  programae  specimens  the  dimensions  of  the  countersunk  fastener  holes  resulted  in  a 
slight  press  fit  of  the  Hi-Lok  fasteners  in  the  cylindrical  parts  of  the  fastener  holes.  Fastener 
installation  was  as  follows: 

a  a  large  plastic  retaining  block  vas  made  with  accurately  parallel  and  flat  surfaces,  one  of 
which  was  sculpted  by  drilling  out  two  holes  to  easily  accept  the  ends  of  the  Hi-Lok  fasteners 
as  fully  inserted  in  the  fatigue  specimen  -1  and  half  plate  -2 

a  the  specimen,  consisting  of  the  fatigue  specimen  -1  and  half  plate  -2,  vas  supported  by  the 
sculpted  block  underneath  the  half  plate  -2  with  the  holes  in  the  block  aligned  with  the 
countersunk  fastener  holes  in  the  specimen. 

a  the  fasteners  were  then  fully  installed  as  lightly  as  possible  using  smooth  flat  plastic 
cylinders  of  diameter  slightly  less  than  the  fastener  head  and  mounted  in  a  press 

a  the  collars  were  installed  using  a  special  ratchet  wrench*  with  provision  for  insertion  of  a 
hexagonal  wrench,  dimension  W  in  figure  5a,  that  fitted  into  the  end  of  the  fastener:  the 
hexagonal  collar  wrenching  device,  see  figure  5b,  automatically  sheared  off  at  the  correct 
torque  (6.78  -  9- OL  Nra). 


*  These  wrenches  are  usually  available  via  aerospace  companies.  They  are  made  by  HI-SHEAR  Corporation 
and  when  ordering  them  the  fastener  type  and  collar  must  be  specified  (see  section  3.3).  For  the 
CFCTP  a  HLH  311*-8  complete  assembly  vas  required. 


3.1*. 2  Supplemental  testing  specimens 

The  procedures  before  Hi-Lok  fastener  and  collar  installation  in  supplemental  testing  programme 
specimens  were  recommended  to  be  as  in  the  following  table. 

PREPARATION  OF  SUPPLEMENTAL  TESTING  SPECIMENS  DEPORE  HI-LOK  INSTALLATION 


PROCESSING 

WHEN  TO  DRILL  COUNTERSUNK  FASTENER 

REQUIRED  FASTENER 

MECHANICAL 

CHEMICAL 

HOLES  TO  FINAL  DIMENSIONS 

HOLE  CONDITION 

machine 

■specimen;  drill 

all  holes 

anodizing 

and 

after  priming* 

bare 

priming 

after  anodizing  and  before  priming* 

primed 

marked  A 

in  figure  2; 

after  priming* 

bare 

pre-bore 

countersunk 

conversion 
costing  and 
priming 

before  conversion  coating:  mask  off 
before  priming 

chromate  conversion 
coated 

holes  to  a 

maximum  of 

1*  .8  mm 

diameter 

before  conversion  coating  and 
priming 

chromate  conversion 
coated  and  primed 

*  care  must  be  taken  to  prevent  scratches  in  the  protection  schemes  when  drilling  the  countersunk 
fastener  holes 


It  was  suggested  that  masking  off  the  countersunk  fastener  holes  could  be  done  either  by  using 
a  rubber-based  lacquera  e.g.  SIKXENS  Maskant  and  Process  Coating  5* *2/21,  or  by  installing  dunsy  fasteners 
accurately  dimensioned  to  be  an  easy  fit  such  that  the  holes  would  not  be  mechanically  pre-conditioned 
before  installing  the  actual  fasteners. 

After  priming,  the  fatigue  specimen  -1  and  half  plate  -2  were  to  be  dry  or  wet  assembled  (i.e. 
with  or  without  corrosion-inhibiting  sealants  in  the  countersunk  fastener  holes)  vith  Hi-Lok  fasteners 
and  collars  as  described  in  section  3.1*.  1:  less  effort  would  be  required  to  install  the  fasteners  if  a 
slight  press  fit  were  chosen  instead  of  an  interference  fit  (see  NOTE  (1)  in  section  3.1).  Hie  fastener 
area,  including  the  fastener  heads,  vas  then  to  be  re-primed  and  a  topcoat  applied  to  the  specimen 
exterior  surfaces.  Sealing  of  faying  surface  side  edges  and  Hi-Lok  collars  (section  3.5)  was  to  be 
done  AFTER  prestressing  at  209  ♦  10  K  in  a  cold  box  (see  sections  2.1  and  6). 

3.5  Sealing  of  Edges  and  Hi-Lok  Collars 

All  specimens  to  be  pre-exposed  to  5  *  aqueous  NaCI  ♦  S0^  and/or  to  be  fatigued  in  a  5  %  aqueous 
NaCt  salt  spray  environment,  or  any  other  environment  except  laboratory  air,  were  to  be  sealed  at  the 
faying  surface  side  edges  and  Hi-Lok  collars  of  the  assembled  fatigue  specimen  -1  and  half  plate  ~S  in 
order  to  exclude  corrosion  attack  except  at  the  countersunk  fastener  holes.  This  sealing  is  shown 
schematically  in  figure  6:  note  that  the  faying  surfaces  around  the  sides  of  clamping  holes  were  to  be 
sealed. 


The  recommended  sealant  was  PERMAGUM*,  or  ito  equivalent.  PERMAGUM  was  made  available  to  CFCTP 
participants  by  the  NADC  upon  request. 

I  N0TE5  \ 

(1)  Core  programs  specimens  were  supplied  tc  CFCTP  participants  with  the  faying  surface  side 
edges  and  Hi-Lok  collars  ujisealed.  Sealing  was  done  AFTER  prestressing  at  209  t  10  K  in  a 
cold  box  (see  section  2.1  and  6).  Sealing  vas  not  necessary  for  phase  I  core  programme 
specimens  only  to  be  tested  in  laboratory  air  (see  section  2.1). 

(2)  The  faying  surface  aide  edges  and  Hi-Lok  collars  of  supplemental  testing  specimens  were 
to  be  sealed  after  prestressing  at  209  ♦  10  K,  excepting  those  specimens  to  be  exposed 
and  tested  only  in  laboratory  air,  for  which  no  sealing  was  necessary. 


•  PERMAGUM  is  the  trade  name  for  a  non-hardening  sealant  made  by  VIRGINIA  CHEMICALS,  Portsmouth,  Va., 
USA. 


(•)  BEFORE  SEALING 


(k)  AFTER  SEALING 

Fig.  •  Schematic  of  hiIIbi  faying  aurfnco  aid*  edges  and  11-lok  collar a 


i*  ctANPruG-m 

Clamping-in  of  the  fatigue  specimen  assembly  (fatigue  specimen  -1,  half  plate  -2  and  spacer  -3) 
took  place  using  bolted  grips.  With  proper  clamping-in  procedure  such  grips  minimise  the  introduction 
of  additional  secondary  bending  into  the  specimen  assembly  oving  to  misalignment. 

k.1  Grips 

Figure  7  shows  the  configuration  of  the  CFCTP  grip  assembly  (two  required  per  specimen  assembly) 


Fin.  7d  Washer 


Fi*.  7e  Nut 


The  following  table  lilt*  the  component  parti  of  the  grip  aiaeably. 


GRIP  PARTS 


HUMBER  PER 
SPECIMEN 

ASSFMBLY 

PART  NUMBER 

NAME 

STOCK 

1* 

3.6 

NUT 

17-1*  PH  STEEL*  ,  solution  treated 

k 

3.5 

WASHER 

1 7— PH  STEEL*  ,  solution  treated 

1* 

3.1* 

BOLT 

17-*.  PH  STEEL*  ,  solution  treated 

1* 

3.3 

PLATE 

PHENOL-FORMALDEHYDE  (TUEN0L  or  PERT IN AX) 

u 

3.2 

SLEEVE 

PHENOL-FORMALDEHYDE  (TUFN0L  or  PERT IN  AX) 

2 

3.1 

CLAMPING  HEAD 

17— i*  PH  STEEL*  ,  solution  treated 

•  aee  note  (3)  below 


(1)  All  dimeneiom  are  in  millimetres. Special  tolerance  indication!  are: 

15  -  25  ♦  0.5 

25.0  -  25  ♦  0.05 
25.0  -25+0.1 

(2)  Surface  finiih  ii  •'22''  on  all  surface*  of  parti  3.1,  3.2  and  3.3.  Surface  finiah  on  part 
3.1*  ia  425''  except  where  otherviae  apecified  (aee  figure  Tc).  Surface  finiih  ii  42^  on 
all  aurfacei  of  part*  3.5  and  3.6. 

(3)  After  finiahing,  parti  3.1.  3.**,  3.5  and  3.6  are  heat  treated  in  air  at  T55  ♦  9  K  for  1 
hour  followed  by  air  cooling,  reaulting  in  a  typical  ultimate  tenaile  atrength  of  1379 
MPa  in  the  longitudinal  direction. 

(It)  There  ia  a  neat  fit  between  part*  3.1  and  3.2. 

(5)  Part  3.3  ia  mechanically  attached,  i.e.  not  bonded,  to  part  3.1. 

(6)  The  thread  in  the  end  of  the  clamping  head  muat  be  adapted  to  individual  requirement!. 


1».2  Bushings  in  Specimen  Clamping  Holea 

Before  clamping-in  (see  section  ’*.3)  special  polymeric  material  bushings  were  inserted  into  each 
clamping  hole  (  A  in  figure  2)  in  the  COMPLETE  specimen  assembly.  These  bushings  were  supplied  to 
CFCTP  participants  hy  the  NLR  and  NADC.  The  bushings  had  a  nominal  wall  thickness  of  1  am  and  made  a 
neat  fit  in  the  clamping  holes,  i.e.  they  could  be  inserted  by  hand.  The  bushings  could  be  used  for 
more  than  one  test,  depending  on  their  post-test  condition. 


I* .  3  Clamping-in  Procedure 

The  COMPLETE  specimen  assembly  with  bushings  in  each  clamping  hole  is  clamped  in  with  the  half 
plate  -2  in  the  UPPER  clamping  head.  As  discussed  in  section  8.3,  there  are  additional  requirements 
for  fatigue  testing  in  a  salt  spray  cabinet.  These  are: 

•  a  clamping  head  extension 

•  the  clamping  heads  are  connected  to  the  salt  spray  cabinet  by  soft  plastic  (PVC)  bellows: 
this  is  a  recommended  arrangement 

•  the  countersunk  fastener  heads  on  the  fatigue  specimen  -1  must  face  a  side  wall  of  the  ialt 
spray  cabinet. 


The  clamping-in  procedure  depend*  on  whether  the  servohydraulic  actuator  ia  in  the  LOWER  or  UPPER 
crosshead.  With  th>  u.tuator  in  the  LOWER  crosshead,  as  ia  usual,  the  procedure  is: 

(1)  Cl sap  the  specimen  assembly  in  the  UPPER  damping  head  using  the  bolt/washer/nut  assembly 

described  in  section  fc.1.  The  fork  of  the  clamping  head  is  pressed  against  the  specimen 
by  torqueing  each  bolt  to  a  prescribed  value  (see  note  (It)  below).  Rotatio..  of  the  clamping 
head  during  torqueing  must  be  restrained. 

(?)  Bring  the  LOWER  clamping  head  to  the  correct  height  by  moving  the  actuator. 

(3)  Insert  the  clamping  bolts  through  the  LOWER  clamping  head  and  specimen  assembly 
(fatigue  specimen  >1  and  spacer  -3)  and  loosely  attach  the  washers  and  nuts. 

(L)  Move  the  actuator  down  so  that  the  fatigue  specime.i  is  pretensioned  to  the  mean  stress  to 
be  applied  in  the  fatigue  test. 

(5)  Clamp  the  specimen  assembly  in  the  LOWER  clamping  head  by  torqueing  each  bolt  to  a 
prescribed  value  (see  note  (It)  below).  Rotation  of  the  clamping  bead  during  torqueing  Must 
be  VERY  CAREFULLY  restrained. 

With  the  actuator  in  the  UPPER  crosshead  the  procedure  given  in  the  following  points  (6)-(10) 
applies  instead  of  points  (1)-(5): 

(6)  Clamp  the  specimen  assembly  in  the  LOWER  clamping  head  using  the  bolt/washer/nut  assembly 
described  in  section  lt.1.  The  fork  of  the  clamping  head  is  pressed  against  the  specimen 

by  torqueing  each  bolt  to  a  prescribed  value  (see  note  (L)  below).  Rotation  of  the  clamping 
head  during  torqueing  must  be  restrained. 

(7)  Bring  the  UPPER  clamping  head  to  the  correct  height  by  moving  the  actuator. 

(8)  Insert  the  clamping  bolts  through  the  UPPER  clamping  head  and  speciaen  assembly  (fatigue 
specimen  -1  and  half  plate  -2)  and  loosely  attach  the  washers  and  nuts. 

(9)  Move  the  actuator  up  so  that  the  fatigue  specimen  is  pretensioned  to  the  mean  stress  to  ae 
applied  in  the  fatigue  teat. 

(10)  Clamp  the  speciaen  assembly  in  the  UPPER  clamping  head  by  torqueing  each  bolt  to  a 

prescribed  value  (see  note  (It)  below).  Rotation  of  the  clamping  head  during  torqueing  must 
be  VERY  CAREFULLY  restrained. 

(1)  Pre-tensioning  of  the  specimen  before  final  clamping-in  prevents  slipping  in  the  grips 
for  fatigue  load  histories  without  compression  loads,  e.g.  the  core  programs  constant 
amplitude  testing  (see  section  2.1). 

(2)  For  the  manoeuvre  spectrum  FALSTAFF  it  was  recommended  to  pretension  at  load  level  1** 

(see  section  12.1). 

(3)  For  the  gust  spectra  TWIST  and  MIKI-TWIST  pre-tensioning  should  be  at  the  swan  stress  in 
flight  (ae»  section  12.2). 

(1*)  It  is  difficult  to  prescribe  a  torque  value  for  which  no  slippage  occurs  whatever  the 
load  history,  since  the  required  torque  depends  on  the  stress  levels  imposed  on  the 
specimen. 

An  SLR  calculation  indicated  that  a  torque  on  each  clamping  bolt  of  88  Nm  (■  65  ft.lbf. ) 
would  be  adequate.  However,  all  CFCTP  participants  vere  requested  to  check  for  slippage 
during  the  pilot  fatigue  tests  on  unex]x>sed  specimens  subsequently  fatigue  tested  in 
laboratory  air  (see  sections  2.1,2,  2,2.2  and  10.1).  OH  MO  ACCOUHT  was  checking  for 
slippage  to  take  place  during  fatigue  testing  in  salt  spray. 

(5)  After  clamping— in  the  sealing  of  the  faying  surface  side  edges  and  Hi-tok  collars  of 
those  specimens  to  be  fatigued  in  salt  spray  was  to  be  checked  and  resealed  where 
necessary. 

(6)  The  entire  grip  assembly  (but HOT  the  soft  plastic  ( PVC )  bellows)  was  to  be  protected 
during  salt  spray  fatigue  testing  by  the  application  of  AMLGUARD,  which  was  supplied  to 
participants  by  the  NADC  on  request.  The  AMLGUARD  had  to  cure  for  1  day  before  testing. 

(7)  It  turned  out  that  under  the  clamping  bolt  HEADS  the  sleeves  (part  3.2  in  figure  7b) 
had  to  be  renewed  after  about  5-6  tests.  Otherwise  there  was  a  risk  of  specimen 
failure  at  the  cla  aing  holes. 
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L.L  Alignment  Guideline*  for  Electrohydraulic  Machine* 

Besides  using  grips  that  minimise  the  introduction  of  supplementary  bending,  the  alignment 
quality  of  electrohydraulic  fatigue  machine*  should  be  checked.  In  what  now  follow*  the  alignment 
specifications  maintained  by  the  NLR  are  discussed.  These  specification*  were  intended  as  guidelines 
for  CFCTP  participants. 

The  alignment  specifications  of  the  NLR  are: 

(1)  Using  a  round  and  relatively  short  specimen  at  maximum  load  in  the  load  range  equal  to 
0.1  of  the  maximum  capacity,  the  difference  due  to  bending  between  the  specimen  surface 
stresses  and  the  average  axial  stress  shall  not  be  higher  than  3  %• 

(2)  After  moving  up  and/or  down,  the  differences  in  translation  between  the  left  and  right 
hand  sides  of  the  moving  cross  head  shall  not  be  more  than  0.02  mm. 

(3)  The  eccentricity  of  the  moving  crosshead  axis  with  respect  to  the  axis  of  the  fixed 
crosshead  shall  be  not  more  than  0.02  mm. 

These  specifications  were  adopted  by  the  NLR  notably  for  minimising  supplementary  bending  during  axial 
load  tests,  and  for  high  cycle  fatigue  tests,  especially  flight  simulation  with  its  numerous  small  load 
excurs  ms. 

The  reason  for  the  percentage  in  specification  (1)  is  that  long  term  experience  has  shown  that 
exceeding  a  3  t  stress  contribution  from  bending  will  result  in  a  significant  decrease  in  fatigue  life 
for  axial  stress  levels  near  the  fatigue  limit.  As  shown  in  figure  8  this  specification  covers  the 
combination  of  two  types  cf  alignment  error:  rotation  through  an  angle  a  and  translation  (eccentricity) 
over  a  distance  e.  The  maximum  bending  stress  can  be  determined  by  rotating  a  round  specimen,  with 
strain  gauges  attached  as  shown  schematically  in  figure  8,  around  its  longitudinal  axis.  Disadvantages 
of  this  method  are  that  the  dimensional  accuracy  of  the  specimen,  especially  ac  the  ends,  must  be 
very  high  and  perfectly  adapted  to  the  testing  machine,  and  that  only  one  location  of  the  moving 
crosshead  can  be  checked.  To  overcome  this  second  disadvantage  specification  (2)  was  adopted. 
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Pig.  8  Align  meat  errors  covered  by  specification  (1) 


Specification  (2)  is  based  more  or  less  on  accepted  manufacturing  accuracy  for  a  670  sn  wide 
cross:?'-..!.  Figure  9  shows  that  the  difference  in  translation  (wobbling)  between  right  and  left  hand 
sides  of  the  moving  crosshead  results  in  a  rotation  o,  which  for  a  crosshead  670  sn  wide  is  6"  (seconds 
of  arc).  As  an  example,  if  a  100  mm  long  x  25  n»  diameter  sprcimen  is  forced  to  follow  this  rotation, 
the  difference  in  strain  is  0.0008  t.  From  Hooke's  Law  it  follows  that  for  an  aluminiw  ailoy  specimen 
there  is  a  surface  stress  difference  of  0.55  MPa.  This  does  not  seem  impressive,  but  if  it  is  to  be 
?  3  *  of  the  lowest  applied  axial  stress,  then  the  lowest  axial  stress  must  be  18  MPa:  this  is 
significant,  especially  for  flight  simulation  loading.  Thus  specification  (2)  is  maintained  by  the  NLR, 
and  crosshead  wobbling  is  measured  using  dial  gauges  or  LTOTs. 


nt.  10  Eccentricity  of  Bovine  crons head  with  ronpoct  to  the  axil 
of  ths  fixed  crosshead 


Specification  (3)  permits  a  similar  calculation  of  the  bending  stresses.  Figure  to  shovs  for 
the  same  round  specimen  as  before  that  eccentricity  of  the  moving  crosshead  with  respect  to  the  axis 
of  the  fixed  crosshead  forces  the  specimen  to  assume  an  S-shape.  For  a  100  mm  long  x  25  mm  diameter 
specimen  the  difference  in  strain  is  25  s:.n  1'20"  ■  0.01  %.  Again  from  Hooke's  Law,  it  follows  that  for 
an  aluminium  alloy  specimen  there  is  a  surface  stress  difference  of  7  MPa.  This  stress  difference 
appears  fatal,  in  view  of  specification  (1).  However,  in  practice  the  machine  frame  is  not  infinitely 
stiff,  and  any  play  in  the  clamping  will  drastically  reduce  the  bending  forces,  nevertheless, 
specification  (3)  is  important  and  will  tend  to  dominate  in  attempts  to  meet  specification  (1). 

In  developing  alignment  specifications  at  the  NLH,  due  attention  was  paid  to  the  feasibility  of 
testing  machines  meeting  the  specifications.  In  fact,  the  last  two  frames  received  at  the  HLR  could 
meet  specifications  (1),  (2)  and  (3).  Thus  it  was  recommended  that  CFCTP  participants  establish  similar 
or  identical  alignment  specifications  for  their  testing  machines. 


5  ADDITIONAL  GUIDELINES  FOR  ELECTROHYDRAULIC  MACHINES 

The  HLR  has  developed  additional  specifications  concerning  the  quality  of  electrohydraulic 
fatigue  machines.  These  specifications  are  quoted  here  since  they  were  given  as  guidelines  for  CFCTP 
participants. 

5.1  Performance 

There  is  a  self-evident  specification  that  the  powerpack-machine  frame-electronics  assembly 
shall  demonstrate  the  performance  curve  given  by  the  manufacturer. 


y.a  Static  Calibration 


The  errors  shown  by  the  static  calibration  of  stroke  and  load  shall  not  exceed  1  t. 

5.3  Dynamic  Calibration 

The  errors  shown  by  the  dynamic  calibration  of  stroke  and  load  shall  not  exceed  3  %• 

5.b  Hydraulic  Shut-off  Effects 

Overloads  due  to  hydraulic  shut-off  shall  not  exceed  5  t  and  shall  preferably  not  exceed  3  %• 

A  storage  oscilloscope  can  show  exactly  what  happens  to  the  load  on  a  specimen  when  the  power  pack  is 
shut  off,  either  manually  or  unexpectedly  by  the  error  trip.  NLR  experience  is  that  overloads  of  25  %  can 
occur,  and  these  are  sufficient  to  vitiate  a  test  result  in  some  cases. 

As  yet  there  is  no  requirement  that  elect rohydraulic  fatigue  machines  meet  similar  or  identical 
specifications  to  that  of  the  NLR.  Hence,  whenever  shut-off  is  done  manually  at  the  NLR  the  load  is 
first  zeroed  and  the  specimen  unclamped.  However,  the  problem  of  unexpected  shut-offs  remains. 

5.5  Electromagnetic  Interference  Effects 

Overloads  due  to  electromagnetic  interference  (Oil)  effects  shall  not  exceed  3  %•  Eor  example,  a 
storage  oscilloscope  reveals  impressive  spikes  when  a  simple  low  voltage  soldering  device  is  used  in 
the  vicinity  of  the  testing  machine,  figure  11. 


{  a )  STROKE  CONTROL  ( b )  LOAD  CONTROL 


Fig.  11  Electromagnetic  Interference  by  a  soldering  Iron  and  measured 
on  the  load  cell  output 

Fortunately,  the  spikes  have  a  high  frequency  so  that  the  inertia  of  the  actuator  will  dampen 
their  effect.  Also,  the  stiffness  (or  lack  of  it)  of  a  specimen  has  an  influence:  a  compliant  specimen 
will  further  reduce  the  effect  of  a  spike.  Nevertheless,  Oil  should  not  be  ignored,  and  MIL  Standards 
'»6lA  and  U62  can  be  helpful  in  reducing  these  effects. 

6  COLD  BOX 

Before  environmental  exposure  and  fatigue  testing  all  specimens  were  to  be  prestressed  at  low 
temperature  with  two  cycles  to  the  maximum  stress  occurring  in  the  subsequent  fatigue  test  or  215  MPa, 
whichever  was  the  greater.  The  purpose  of  this  low  temperature  prestressing  was  to  simulate  service 
cracking  of  conventional  paint  and  primer  layers  in  the  countersunk  fastener  hole  vicinities:  such 
paints  and  primers  possess  a  glass  transition  temperature  (^2 50-260K)  below  which  they  are  brittle. 
Prestressing  took  place  at  209  +  10  K,  which  allowed  a  generous  margin  for  temperature  control  while  not 
exceeding  the  glass  transition  temperature.  The  specimen  assemblies  were  then  stored  in  a  desiccator  at 
room  temperature  to  await  further  testing  (see  also  section  9). 

In  what  follows  a  cold  box  for  low  temperature  prestressing  will  be  discussed.  This  description 
was  intended  as  a  guideline  for  CFCTP  participants:  any  alternative  solution  was  acceptable  provided 
that  the  temperature  control  of  the  specimen  was  adequate  (209  +  10  K  in  the  location  containing  the 
countersunk  fastener  holes). 

6. 1  Schematic  of  NLR  Cold  Box 

A  simple  circuit  diagram  of  the  essential  equipment  for  the  NLR  cold  box  is  given  in  figure  12, 
and  a  photograph  of  the  original  equipment  is  shown  as  figure  13.  This  equipment  was  modified  to  be 
better  suited  to  the  dimensions  of  the  CFCTP  specimen,  as  discussed  in  section  6.2. 

6.2  Configuration  for  the  CFCTP  Specimen 

Three  views  of  the  modified  cold  box  for  testing  the  CFCTP  specimen  are  shown  in  figure  1b. 

Note  that  the  liquid  air  supply  tube  is  copper  and  is  perforated  only  on  the  side  facing  AWAY  from  the 
specimen.  Further,  the  opening  for  specimen  insertion  is  smaller  than  in  the  original  NLR  cold  box. 
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Fig.  12  Schematic  of  the  NLA  cold  box 


Fig.  13  HU  cold  box  for  fatigue  crack 

propagation  teata  at  low  temperatures 


6.3  Calibration  of  Cold  Boxes 

For  cold  box  calibration  the  NADC  supplied  each  CFCTP  participant  with  a  dummy  fatigue  assembly. 
A  thermocouple  was  then  to  be  securely  attached  to  the  fatigue  specimen  -1  midway  between  the  two 
countersunk  Hi-Lok  fasteners.  A  straightforward  and  satisfactory  method  used  by  the  NLR  was  to  drill 
a  hole  slightly  larger  than  the  thermocouple  sheath  to  about  halfway  through  the  specimen  thickness. 
The  thermocouple  was  then  inserted  and  the  hole  diameter  was  decreased  by  indenting  the  specimen  close 
to  and  around  the  hole,  using  a  hard  punch.  In  this  way  the  thermocouple  was  securely  clamped  in  and 
made  good  contact  with  the  specimen. 

The  thermocouple  for  temperature  measurement  within  the  NLR  cold  box,  figure  lUc,  was  inserted 
in  a  block  of  aluminium  and  clamped  in  a  similar  manner  as  described  for  the  fatigue  specimen. 

Calibration  proceeded  as  follows: 

•  the  dummy  specimen  was  clamped  in  and  the  cold  box  assembled  round  it 

•  the  temperature  sensor  (figure  1 Uc )  was  adjusted  so  that  regulation  of  the  liquid  air  supply 
resulted  in  a  specimen  thermocouple  reading  corresponding  to  an  average*  temperature  of  209  K 

•  for  the  aluminium  block  the  thermocouple  reading  and  hence  the  temperature  were  recorded. 

Use  of  the  NLR  cold  box  during  prestressing  the  actual  specimens  for  fatigue  testing  took  place 
WITHOUT  thermocouples  on  the  specimens  but  using  the  aluminium  block  temperature  as  monitor.  This 
procedure  avoided  damage  to  the  corrosion  protection  system  other  than  the  simulated  service  cracking 
of  conventional  paint  and  primer  layers  in  the  vicinities  of  the  countersunk  fastener  holes. 


* 


A  very  steady  temperature  is  not  possible  with  the  NLR  cold  box  system,  but  control  within  the 
specified  range  of  ♦  10  K  (see  the  beginning  of  section  6)  was  easily  obtainable. 
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7  PRE-EXPOSURE  CHAMBERS  ATU  PROCEDURE 


The  CfCTP  schedules  (see  sections  2. 1.2  and  2.2)  included  some  tests  vith  pre-exposure  to  a 
corrosive  environment  before  fatigue  testing.  GENERAL  requirements  for  the  core  programme  and 
recosnended  supplemental  testing  pre-exposure  conditions  were  and  are: 

•  solution  :  5  %  aqueous  NaCl  +  dissolved  SO.  generated  by  reaction  of  Ha.SO, 

with  HjSO^  3 


•  NaCt/SOgratio 

•  test  temperature 

•  test  duration 


:  for  3  litres  of  5  Jt  aqueous  NaCl,  5.6  ♦  0.8  g 
NagSO^  mixed  vith  not  less  than  16  ml  of  50  J  concentrated  H^SO^ 

:  315  +  2K 

:  72  hours. 


This  test  was  originally  developed  to  simulate  the  flight  deck  environment  of  an  aircraft  carrier 
(sea  spray  and  stack  emission  containing  sulphur) .  It  is  reported  in  "Localized  Corrosion-Cause  of 
Metal  Failure”,  ASTM  Special  Technical  Publication  5 1 6 ,  pp.  273-302  (1972).  In  this  reference  thege 
is  a  test  requirement  that  the  ratio  of  solution  volume  to  specimen  surface  area  be  7-75-15  al/cn  . 

This  requirement  was  included  because  unprotected  specimens  were  exposed,  and  it  is  then  necessary 
to  prevent  premature  cessation  of  the  corrosion  reaction  by  ensuring  an  adequate  supply  of  solution. 
Since  only  a  very  small  unprotected  area,  if  any,  of  the  CFCTP  specimens  was  accessible  to  the 
environment  (i.e.  around  and  in  the  countersunk  fastener  holes)  this  volume/area  requirement  was 
OMITTED  from  the  CFCTP.  However,  other  requirements  concerning  volume  of  solution  to  number  of 
specimens  vere  specified,  see  section  7.1  and  7.3. 

7. 1  Core  Programme  Chamber 

A  schematic  of  the  core  programme  pre-exposure  chamber  is  given  in  figure  15.  In  addition  to  the 
GENERAL  requirements  listed  at  the  beginning  of  section  7,  the  PARTICULAR  requirements  for  core 
programme  pre-exposure  testing  were: 

e  each  specimen  was  individually  exposed 

a  the  specimen  assembly  consisting  of  fatigue  specimen  -1  and  half  plate  -2  waa  immersed 

horizontally  with  the  fatigue  specimen  -1  uppermost:  it  waa  NOT  necessary  to  pre-expose  spacers 
-3 

e  the  specimen  was  held  up  by  plastic  supports  (without  sharp  edges)  such  that  the  sealing  'f  the 
Hi-Lok  collars  could  not  be  damaged  by  contact  with  the  bottom  of  the  chamber 

a  the  volume  of  5  1  aqueous  NaCl  for  each  specimen  waa  3  litres 

a  the  ratio  of  volume  of  solution  to  the  volume  of  air/gas  above  it  waa  approximately  1  :*». 


( 1 )  For  the  fairly  small  core  programs  pre-exposure  chamber  the  regulation  of  the  teat 
temperature  of  315  ♦  2  K  was  possible  by  using  a  hotplate.  An  immersion  heater  was, 
however,  recommended. 


Pig.  15  Cora  programme  pre-pxposure  chamber  for  the 
NaCl  +  SOj  Immersion  test 
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7.2  Core  Programs*  Pre-exposure  Procedure 


The  procedure  for  coonencing  the  core  programme  NaCt  *  SOg  ismersion  test  was  as  follows: 

•  the  specimen  assembly  was  immersed  in  3  litres  of  5  %  aqueous  NaCt  which  was  already  at  a  nominal 
temperature  of  315  K 

•  the  plastic  lid  containing  the  condenser  and  perforated  nyrex  tubes  but  MINUS  the  reaction 
tubes  was  sealed  onto  the  chamber  using  silicone  sealant 

•  the  temperature  of  the  5  t  aqueous  NaCt  was  regulated  to  315  +  2  K 

•  the  required  amounts  of  H^SO^  were  added  to  the  reaction  tubes  which  were  then  suspended  just 
inside  the  perforated  pyrex  tubes 

•  gelatine  capsules  containing  the  required  amounts  of  Na^SO  powder  or  pellets  were  added  to  the 
reaction  tubes 

•  the  reaction  tubes  were  quickly  lowered  to  the  bottoms  of  the  perforated  pyrex  tubes,  which 
were  then  sealed  with  rubber  stoppers 

•  the  beginning  of  the  test  was  taken  to  be  when  vigorous  gaseous  emission  from  the  gelatine 
capsules  commenced{ about  10  minutes  after  the  capsules  were  added  to  the  reaction  tubes). 

After  72  hours  of  testing  the  specimen  assembly  was  removed  from  the  NaCt  +  SO  solution  and 
cleaned  in  the  following  way  (see  also  section  9): 

•  30  minutes  rinse  in  copious  amounts  of  tap  water  at  291-298  K 

«  final  rinse  in  distilled  water  at  291-298  K  for  not  less  than  1  minute 

•  air  dry  at  323  K  for  30  minutes. 

As  soon  as  possible  thereafter,  preferably  IMMEDIATELY,  the  entire  specimen  assembly  was  clamped 
in  and  fatigue  tested.  If  delay  was  unavoidable,  the  specimen  assembly  was  stored  in  a  desiccator  at 
room  temperature  until  fatigue  testing  could  begin,  care  being  taken  not  to  damage  the  sealing  of  faying 
surface  aide  edges  and  Hi-Lok  collars  (see  also  section  9). 

Incidental  spot  checks  of  the  solution  pH  after  testing  were  recommended. 


7.3  Supplemental  Testing  Programme  Chamber 

A  schematic  of  the  supplemental  testing  programme  pre-exposure  chamber  is  given  in  figure  16. 
Besides  the  GENERAL  requirements  listed  at  the  beginning  of  section  7,  the  PARTICULAR  requirements  were 
and  are: 

•  specimens  could  be  exposed  in  batches  of  up  to  20 

•  directly  before  exposure  it  was  OPTIONAL  whether  each  specimen  underwent  pre-treatment  with 
a  cleansing  agent  (see  note  (l)  below) 


•  the  specimen  assemblies  consisting  of  fatigue  specimens  -1  and  half  plates  -2  were  to  be 
inmersed  at  about  1»5°  to  the  horizontal  with  the  fatigue  specimens  -1  uppermost:  it  was  NOT 
necessary  to  pre -expose  spacers  -3 

•  the  specimens  were  to  be  held  by  a  plastic  rack  (without  sharp  edges)  such  that  the  sealing  of 
faying  surface  side  edges  and  Hi-Lok  collars  could  not  be  damaged 


•  the  volume  of  5  t  aqueous  NaCt  for  each  specimen  vas  to  be  1  litre. 


(2) 


Since  aircraft  are  routinely  washed  a  cleansing  pre-treatment  vas  and  is  allowed  as  an 
OPTION  for  CFCTP  participants.  The  choice  of  pre-treatment  is  also  optional.  An  example 
of  a  typical  treatment  is: 

•  10  minutes  in  TURC0  AIR  TEC  No.  10  at  a  dilution  of  20  :  1  with  tap  water  at 
291-298  K 

•  rinse  with  copious  amounts  of  tap  water  at  291-298  K  for  1  minute 

•  drain  for  5  minutes  at  room  temperature. 

Regulation  of  the  test  temperature  of  315+2  K  to  be  obtained  by  using  an  immersion 
heater.  ” 
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Fig.  16  Supplemental  toting  programme  pre-exposure  chaabtr  for 

the  NaCI  ♦  SO,  Immersion  tot 
2 


7.1*  Supplemental  Testing  Programme  Pre-exposure  Procedure 

The  procedure  for  conneneing  the  supplemental  testing  programme  NaCt  ♦  SO,  immersion  test  is  as 
follows : 

•  the  specimen  assemblies  are  immersed  in  the  required  amount  of  5  J  aqueous  NaCt,  which  is 
already  at  a  nominal  temperature  of  315  K:  if  an  optional  pre-treatment  has  been  done  (see  note 
(1)  in  section  7.3)  the  immersion  in  5  <  aqueous  NaCt  shall  occur  IMMEDIATELY  after  pre-treatment 

e  the  plast'‘c  lid  containing  the  condenser  and  perforated  pyrex  tubes  but  MINUS  the  reaction 
tubes  is  sealed  onto  the  chamber  using  silicone  sealant 


•  the  temperature  of  the  5  I  aqueous  NaCt  is  regulated  to  315  ♦  2  K 

a  the  required  amounts  of  H^SO^  are  added  to  the  reaction  tubes  which  are  then  suspended  just 

irside  the  perforated  pyrex  tubes 

a  gelatine  capsules  containing  the  required  amounts  of  Na^SO,  powder  or  pellets  are  added  to  the 
reaction  tubes 

a  the  reaction  tubes  are  quickly  lowered  to  the  bottoms  of  the  perforated  pyrex  tubes,  which  are 
then  sealed  with  rubber  stoppers 

a  the  beginning  of  the  test  is  taken  to  be  when  vigorous  emission  from  the  gelatine  capsules 
commences  (about  10  minutes  after  the  capsules  are  addl’d  to  the  reaction  tubes). 

After  72  hours  of  testing  the  specimen  assemblies  are  removed  from  the  NaCt  ♦  SOg  solution  and 
cleaned  in  the  following  way  (see  also  section  9): 

a  30  m;nutes  rinse  in  copious  amounts  of  tap  water  at  291-298  K 

a  final  rinse  in  distilled  vater  at  291-298  K  for  not  less  than  1  minute 

a  air  dry  at  323  K  for  30  minutes. 

The  specimen  assemblies  are  then  stored  in  a  desiccator  at  ,wcm  temperature  to  await  fatigue 
testing,  care  being  taken  not  to  damage  the  sealing  of  faying  surface  side  edges  and  Hi-Lok  collars 
(see  also  section  9). 


8  CORROSION  FATIGUE  SALT  SPRAY  CABINET 


The  CPCTP  testing  schedul.s  (see  sections  2.1.2  and  2.2)  include  fatigue  tests  in  a  salt  spray 
environment.  The  environmental  conditions  are: 

•  solution  :  5  t  aqueous  NaCt  acidified  with  H.30,  to  a  pH  of  i  ♦  0.1.  Correction  for 

TOO  LOW  n  pH  to  t.  made  by  addition  0.1  H  NaOH 

•  test  temperature  :  solution  and  humidified  air  (see  aecticn  8.1)  at  295  t  ?  I 

•  test  operation  :  continuous  salt  spray,  solution  pH  to  be  checked  daily.  Atomization 

a’  !  quani  ty  of  salt  spray  checked  according  to  paragraph  8.2  in 
AS-iM  STAh jARD  B  1 17. 

8.1  Schematic  of  the  Salt  Spray  Equipment  for  thi  CPCTP 

A  schematic  diagram  of  the  essentia’  equipment  for  fatigue  terts  in  salt  spray  io  given  in 
figure  17.  Excepting  the  salt  spray  cabin  •  G  and  internal  salt  solution  reservoir  L,  all  items  arc 
obtainable  from  the  GS/HARSHAV  EQUIPMENT  CO.,  which  has  representatives  in  Europe  and  North  America. 
These  items  are: 

(1)  GS-9  Gallon  plastic  distilled  water  storage  tank  with  plastic  tubing  and  necessary 
fittings  for  tilling  and  automatic  constant  level  control  of  humidifying  tower. 

(2)  CS-20  gallon  plastic  external  salt  solution  storage  tank  with  plastic  tubing,  fittings 
and  adapters  for  filling  and  automatic  constant  level  control  of  inside  salt  solution 
reservoir. 

(3)  GS=#=lt3  stand  for  mounting  GS  level  control  reservoirs  with  storage  shelf. 


(It)  Plexiglas  -aturator  (humidifying)  tower  with  heater,  controls  au.d  gauges. 

(5)  GS  "Uni-Fog"  dispersion  tower*  cer.pl-te  with  salt  spray  atu.izer  and  fittings. 

(6)  7009-10  combination  GS  jet  exhaus  ;  and  GS  wet  bottom  drain. 

(7)  dt7002  special  air  regulator  for  the  set  .orator  tower. 

An  optional  item  for  the  CFCT11  was  the  dP7003  special  air  gauge.  Informatior  ~.u  the  installation 
of  all  these  items  of  equipment  is  available  from  GS/HARSr.  ,W. 


•  The  "Uni-Fog"  dispersion  tower  is  normally  supplied  for  a  standard  height  and  with  an  integral  salt 
solution  reservoir.  For  the  CPCTP  the  tower  was  shortened  to  a  total  height  of  320  ♦  5  mm  from  the 
top  of  the  integral  reservoir  to  the  lid  of  the  tower.  Furthermore,  the  integral  reservoir  was  removed 
and  the  tower  built  onto  a  reservoir  (E  in  figure  17)  integral  with  the  salt  spray  cabinet  G,  as 
described  in  section  8.2.  The  height  of  the  erne  above  the  cylindrical  rim  was  to  be  about  25  mm  (see 
figure  18a). 


HUMIDIFIED  AIM 


Fig.  17  Schematic  of  the  salt  spray  equipment  for  corrosloa 
fatigue  tasting 


fl.?  Salt  Spray  Cabinet  With  Internal  Reservoir 

In  what  follows  a  salt  spray  cabinet  for  corrosion  fatigue  testing  will  be  discussed.  This 
description  was  intended  as  a  RECOMKKSDED  guideline  for  CFCTP  participants.  Alternative  designs  were 
acceptable  provided  that  the  fatigue  specimen  and  "Uni-Fog"  tower  were  vertical  during  testing  and  that 
the  internal  volume  of  the  cabinet,  excluding  the  integral  reservoir,  was  no  less  than  130  litres. 

Four  views  of  the  salt  spray  cabinet  are  shown  in  figure  18.  The  construction  aaterial  is  12.7  BBS 
thick  perspex  adhesively  bonded  and  then  sealed  at  all  internally  exposed  joints  with  silicone  sealant. 
Also  required  are  1A  A.  1 5  ran  diameter  stainless  steel  or  nylon  bolts  and  wing  nuts  for  fastening  the 
access  door  to  the  cabinet.  The  heads  of  the  bolts  are  silicone  sealant  bonded  to  the  front  frame  and 
reinforcement. 

There  are  six  entrances  to  the  salt  spray  cabinet  and  one  entrance  to  the  integral  salt  solution 
reservoir.  The  salt  spray  cabinet  entrances  are: 

(1)  At  the  front  of  the  cabinet  a  large  access  port,  closed  by  the  door  during  testing. 

(2)  and  (3)  Circular  ports  Tor  exit  of  the  fatigue  specimen  clamping  heads. 

(I*)  and  (5)  Jet  exhaust  and  wet  bottom  drain  holes. 

(A)  A  hole  for  access  of  the  humidified  air  line  to  the  "Uni-Fog"  tower. 


8.3  Attachment  of  Specimen  ♦  Grips  Assembly 


A  schematic  of  the  specimen  +  grips  assembly  attachment  to  the  salt  spray  cabinet  is  shown  in 
figure  19.  The  following  GENQ1AL  points  are  to  be  noted: 

(1)  The  specimen  is  oriented  with  the  half  plate  -2  gripped  in  the  UPPER  clamping  head  (see 
also  section  U. 3). 

(2)  The  countersunk  fastener  heads  on  the  fatigue  specimen  -1  must  face  a  side  wall  of  the  salt 
spray  cabinet.  Tightening  of  the  clamping  head  bolts  and  nuts  then  readily  occurs  via  the 
front  access  port. 

(3)  A  clamping  head  extension  is  required,  see  section  'a. 

,1*)  The  clamping  heads  are  connected  to  the  salt  spray  cabinet  by  soft  plastic  (PVC)  bellows, 

see  section  8.5,  with  a  total  extension  capability  of  at  least  200  nia,  These  bellows  were 
RECOMMENDED. 

(5)  Sealing  arrangements  are  discussed  in  sections  8.6  and  8.7. 


UPPER  CROSiHEAO 


Fig.  IS  Schematic  of  specimen  ♦  grips  assembly  in  the  salt 
spray  cabinet:  actuator  la  lover  crosshead 


I 


The  schematic  in  figure  19  hag  been  given  for  the  more  usual  case  of  the  servohydraulic  actuator 
being  in  the  LOVER  crosshead.  For  this  case  the  following  points  apply: 

(6)  The  upper  bellows  is  OUTSIDE  the  salt  spray  cabinet  and  the  lower  bellovs  is  INSIDE. 

(7)  Bolt  holes  for  attaching  the  pair  of  bellows  to  the  salt  spray  cabinet  are  drilled  fron  the 
UPPER  surfaces  of  the  top  and  bottoai  of  the  cabinet. 

(8)  The  clanping  head  extension  is  attached  to  the  LOWER  clasping  head. 

(9)  With  the  upper  bellows  nearly  fully  compressed  (length  v  70  bo)  the  lower  bellows  is 
halfway  extended.  This  arrangenent  allows  a  *  100  on  ti  averse  for  the  actuator  without 
damaging  the  lover  bellovs*. 

(10)  The  bottoa  of  the  salt  spray  cabinet  shall  be  not  less  than  100  os  from  the  top  of  the 
actuator  if  the  actuator  is  greater  in  diameter  than  80  so  (as  is  mostly  the  case). 
Otherwise  the  bottoa  of  the  salt  spray  cabinet  shall  be  not  less  than  100  sn  from  any  part 
of  the  actuator  that  projects  beyond  a  diameter  of  80  ns. 

If  the  gervohydraulic  actuator  is  in  the  UPPER  crosshead,  the  following  points  ( 1 1 )  -  (15)  apply 
instead  of  points  (6)  -  (10): 

(11)  The  upper  bellovs  is  INSIDE  the  salt  spray  cabinet  and  the  lover  bellovs  is  OUTSIDE. 

(12)  Bolt  holes  attaching  the  pair  of  bellows  to  the  salt  spray  cabinet  are  drilled  from  the 
LOWER  surfaces  of  the  top  and  bottoa  of  the  cabinet. 

(13)  The  clamping  head  extension  is  attached  to  the  UPPER  clamping  head. 

(ill)  With  the  lower  bellovs  nearly  fully  compressed  (length  70  sn)  the  upper  bellows  is 

halfway  extended.  This  arrangement  allows  a  ♦  100  am  traverse  for  the  actuator  vithout 
damaging  the  upper  bellovs. 

(15)  The  top  of  the  salt  spray  cabinet  shall  be  not  leas  than  100  mm  from  the  bottom  of  the 

actuator  if  the  actuator  is  greater  in  diameter  than  80  mm.  Otherwise  the  top  of  the  salt 
spray  cabinet  shall  be  not  less  than  100  mm  from  any  part  of  the  actuator  that  projects 
beyond  a  diameter  of  80  ia. 

8.I1  Clamping  Head  Extension  for  Salt  Spray  Fatigue  Testing 

For  fatigue  testing  in  the  salt  spray  cabinet  with  the  grip  assembly  described  in  section  U.1  it 
is  necessary  to  use  a  clamping  head  extension  *  locking  nut,  as  shown  schematically  in  figure  19. 

An  engineering  drawing  of  the  clamping  head  extension  and  locking  nut  is  given  in  figure  20.  In 
principle  any  fatigue-resistant  steel  heat  treatable  to  a  typical  ultimate  tensile  strength  v  1L00  MPa 
is  suitable  .  The  NLR  chose  17— PH  stainless  steel,  which  is  the  same  material  as  that  used  for  the 
clamping  heads . 

|  NOTES  | 

(1)  All  dimensions  are  in  millimetres. Special  tolerance  indications  are: 

25  -  25  *  0.5 

25.0  ■  25  ♦  0.05 
25.0  •  25  ♦  0.1 

(2)  The  threads  in  the  ends  of  the  clamping  head  extension  and  locking  nut  must  be  adapted 
to  individuad  requirements  (compatibility  with  the  clamping  head  and  servohydraulic 
actuator) . 

(3)  When  the  diameter  of  the  servohydraulic  actuator  is  GREATER  than  80  mm  the  length  of  the 
centre  section  of  the  clamping  head  extension  should  be  sufficient  that  vhen  the  clamping 
head  is  screwed  into  it  to  a.  30  mm  and  the  extension  is  screved  into  the  servohydraulic 
actuator  to  30  mm,  the  distance  between  the  salt  spray  cabinet  and  the  actuator  is  not 
less  than  100  mm.  A  total  length  of  300  mm  for  the  clamping  head  extension  is  sufficient 
for  this  purpose. 

(*•)  When  the  diameter  of  the  servohydraulic  actuator  is  LESS  than  80  mm  the  length  of  the 

centre  section  of  the  clamping  head  extension  should  be  sufficient  that  when  the  clamping 
head  is  screved  into  it  to  “v  30  mm  and  the  extension  is  screvea  into  the  servohydraulic 
actuator  to  a.  30  mm,  the  distance  between  the  salt  spray  cabinet  and  any  part  of  the 
actuator  that  projects  beyond  a  diameter  of  80  mm  shall  be  not  leas  than  100  mm. 

(5)  Surface  finish  is  “'125'  on  an  surfaces. 

(6)  After  finishing  the  clamping  head  extension  and  locking  nut  are  heat  treated  to  a  typical 
ultimate  tensile  strength  'v  1b00  MPa.  For  17-k-PH  steel  the  heat  treatment  is  in  air  at 
755  +  9  K  for  1  hour  followed  by  air  cooling. 


•  Points  (9)  and  (10)  have  been  specified  to  allcv  for  accidental  movements  of  the  actuator:  the  stroke 
on  most,  if  not  all,  electrohydraulic  fatigue  machines  is  less  than  ♦  100  mm. 


8.5  Bellows 


As  mentioned  in  section  8.3,  it  was  RECOMMENDED  to  connect  the  clamping  heads  to  the  salt  spray 
cabinet  using  soft  plastic  ( PVC)  bellows  .A  schematic  of  the  bellows  is  given  in  figure  21 .  The  NLR  ordered 
such  bellows  from  ERIKS  N.V.,  which  has  branches  in  the  Netherlands,  Belgium  and  the  United  Kingdom 
(ERIKT  ALLIED  POLYMER  LTD).  According  to  ERIKS  such  bellows  are  made  only  in  the  United  States,  so 
that  relatively  long  delivery  times  should  be  anticipated  in  Europe. 
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Fig.  21  Schematic  of  soft  plastic  (PVC)  bellows,  dimensions  la  millimetres 


8.6  Sealing  of  the  Salt  Spray  Cabinet 

There  are  six  entrances  to  the  salt  spray  cabinet  and  one  entrance  to  the  integral  salt  solution 
reservoir,  as  mentioned  in  section  8.2.  The  salt  spray  cabinet  entrances  are: 

(1)  At  the. front  of  the  cabinet  a  large  access  port,  closed  by  the  door  during  testing. 

(2)  and  (3)  Circular  ports  for  exit  of  the  fatigue  specimen  clamping  heads. 

(M  and  (5)  Jet  exhaust  and  vet  bottom  drain  holes. 

(6)  A  hole  for  access  of  the  humidified  air  line  to  the  "Uni -Fog”  tower  • 

The  jet  exhaust  and  vet  bottom  drain  holes  remain  open.  The  humidified  air  line  to  the  "Uni-Fog" 

tower  and  the  salt  solution  line  to  the  integral  reservoir  are  simply  sealed  to  the  cabinet  with 
adhesive  and  silicone  sealant .  There  remain  the  pealing  arrangements  for  the  access  and  circular  ports, 
discussed  in  sections  8.6. 1  and  8.6,2. 


6.6.1  Access  door/front  frame 


As  shown  in  figure  18,  the  access  door  is  mechanically  fastened  to  the  front  frame  by  16  6.35  ms 
diameter  stainless  steel  or  nylon  bolts  and  ving  nuts.  The  bolt  heads  are  silicone  sealant  bonded  to 
the  front  frame  and  reinforcement.  Before  attaching  the  access  door  to  the  front  frame,  a  layer  of 
PERMAGUM,  or  its  equivalent,  is  applied  to  the  front  frame  according  to  figure  22.  PERMAGUM  was  made 
available  to  CFCTP  participants  by  the  NADC  upon  request. 
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Pig.  22  Sealant  on  front  frame  of  the  salt  spray  cabinet 
before  attaching  the  access  door 


8.6. 2  Cabinet/bel-ovs 

It  waa  RECOMMENDED  to  connect  the  salt  spray  cabinet  to  the  clamping  heads  by  soft  plastic  (PVC) 
bellows.  Each  bellovs  is  mechanically  fastened  to  the  sail  spray  cabinet  using  a  nylon  collar  and  8 
U  sd  diameter  nylon  bolts  equally  spaced  on  the  circumference  of  a  circle,  diameter  100  am  and  centred 
on  the  circular  port.  Figure  23  shews  the  mechanical  fastening  and  sealing  arrangements  for  the 
cabinet/bellows  connection.  These  arrangements  are  identical  except  for  attachment  either  to  the  upper 
or  lower  surfaces  of  the  top  and  bottom  of  the  salt  spray  cabinet  according  to  whether  the  servohydraulic 
actuator  is  located  in  the  lower  or  upper  crosshead,  respectively. 


(•)  ACTUATOR  in  LOWER  CROSSHEAD  (b)  ACTUATOR  IN  UPPER  CR0SSHEA0 
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Pig.  23  Sealing  of  the  salt  spray  cabinet  to  the  bellows 
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8.7  Sealing  of  Clamping  Heads  to  Bellows 

Sealing  of  the  clamping  heads  to  the  RECOMMENDED  soft  plastic  (PVC)  bellows  is  done  using 
stainless  steel  circlips  and  rims  of  silicone  sealant,  as  shown  schematically  in  figure  2b.  Note  that 
the  sealing  arrangements  depend  on  whether  the  servohydraulic  actuator  is  located  in  the  lower  or  upper 
crosshead. 


(a)  ACTUATOR  IN  THE  LOWER  CROSSHEAO 


lower  clamping  head  upper  clamping  mead 

(b)  ACTUATOR  IN  THE  UPPER  CROSSHEAO 


r  ig.  24  Sealing  of  the  clamping  heads  to  the  helloes:  A-Bellowa; 

B-stninless  steel  circlip  O.S  u  i  10  am;  C-rla  of  silicone 

sealant 
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SPECIMEN  STORAGE  AND  CLEANING 
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9. 1  Storage 

After  prestressing  at  209  ♦  to  K  (see  the  beginning  of  section  6)  all  specimen  assemblies  were 
to  be  storeu  in  a  desiccator  at  room  temperature  AT  ALL  TIMER  except  when  immediately  required  for 
further  testing  (pre-exposure  and  fatigue).  In  storing  the  specimens  care  was  taken  not  to  damage  the 
sealing  of  faying  surface  side  edges  and  Hi-Lok  collars  of  those  specimens  to  be  pre-exposed  and/or 
fatigued  in  salt  spray.  A  convenient  way  to  do  this  is  by  mounting  the  specimen  assemblies  on  racks 
inside  a  chamber  containing  desiccant  (silicon  gel).  Figure  25  is  a  schematic  example  of  a  storage 
facility  with  a  capacity  of  f>0  specimen  assemblies,  i.e.  three  racks  of  20  assemblies  per  storage  chamber. 
The  perspex  lid  is  sealed  onto  the  storage  chamber  using  vaseline  petroleum  jelly,  or  its  equivalent. 


(a)  S~0RAGE  RACK;  PERSPEX  5  mm  THICK.  3  PER  STORAGE  CHAMBER 


« 


(b)  STORAGE  CHaMBERjGLASS  6  mm  THICK,  PERSPEX  5  mm  THICK 
Fig.  25  Facility  for  specimen  storage:  capacity  60  specimen  assemblies 
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After  pre-exposure  the  core  programme  specimens  wore  IM!'EDTAT1-XV  cleaned  and  then  fatigue  tested 
as  soon  as  possible,  preferably  immediately.  If  delay  before  fatigue  testing  va3  unavoidable  the  cleaned 
specimens  were  3tored  in  a  desiccator  as  discussed  above. 


Supplemental  testing  programme  specir.-ns  were  to  be  IMMEDIATELY  cleaned  after  pre-exposure  and 
then  stored  in  a  desiccator,  as  discussed  above,  to  await  fatigue  testing,  j 


After  fatigue  testing  in  SALT  SPRAY  the  separate  parts  of  each  failed  ^specimen  were  to  be  cleaned, 
wrapped  in  tissue  paper  and  stored  in  a  desiccator,  care  being  taken  to  avoifi  damage  to  the  fracture 
surfaces.  After  fatigue  testing  in  AIR  the  separate  parts  of  each  specimen  were  not  to  be  cleaned,  but 
were  to  stored  in  a  similar  manner. 


Upon  termination  of  the  CFCTP,  see  section  2.3,  the  specimens  were  to  bV 
discretion  of  each  participant  unless  there  was  a  specific  request  to  continue 
them  to  another  laboratory. 


disposed  of  at  the 
storing  them  or  to  send 


9.2  Cleaning 


Cleaning  of  the  specimen  assemblies  was  to  done  after  pre-expo3ure  and  after  fatigue  testing  in 
salt  spray.  The  cleaning  procedure  (also  mentioned  in  sections  7.2  andT.1*)  is  as  follows: 


•  30  minutes  rinse  in  copious  amounts  of  tap  water  at  291-298  K 

•  final  rinse  in  distilled  water  at  291-298  K  for  not  less  than  1  minute 

•  air  dry  at  323  K  for  30  minutes. 


The  cleaning  procedure  was  to  be  commenced  IMMEDIATELY  after  pre-exposure  and  as  soon  as  possible 
after  fatigue  testing  in  salt  spray  (immediate  deeming  after  fatigue  testing  may  often  be  impossible 
owing  to  failure  at  times  outside  personnel  working  hours). 


10  TEST  PROCEDURE 


In  section  2  an  overview  has  been  given  of  the  mechanical  and  environmental  test  conditions  for 
both  core  and  supplemental  testing  programmes,  and  the  core  progranme  teat  schedules  were  defined 
(section  2.1.1).  It  was  also  mentioned  that  pilot  tests  were  conducted  to  establish  stress  levels 
(sections  2.1.2  and  2.2.2). 

In  this  section  the  requirements  for  establishment  of  stress  levels  by  pilot  testing  will  first 
be  given,  followed  by  a  summary  of  the  test  procedure  and  the  requirements  for  recording  of  data. 

10.1  Establishment  of  Stress  Levels 

All  stress  levels  were  to  be  defined  in  terms  of  the  GROSS  SECTION  STRESS  in  the  fatigue  specimen 
-1  at  the  location  of  the  centreline  between  the  countersunk  Hi-Lok  fasteners,  i.e.  including  the 
fastener  holes  in  the  specimen  area. 

For  the  core  programme  it  was  required  to  test  at  maximum  stress  levels,  Sm<)v,  giving  nominal 
lives  s.  2x10**  cycles  and  10^  cycles  for  uncorroded  specimens  fatigue  tested  in  laboratory  air.  The 
stress  ratio  R  (»  S  -n/S  )  was  0.1.  Figure  26  shows  the  result  of  pilot  tests  at  the  NLR  for  the 
purpose  of  establishing  ffte  core  programme  stress  levels.  From  these  tests  the  following  stress  levels 
were  selected: 


CORE  PROCRAMiE  STRESS  LEVELS 


NOMINAL  UNCORRODED  LIFE 

S 

s  . 

(CYCLES) 

max 

mm 

(MPa) 

(MPa) 

2  X  tO1* 

210 

21  . 

105 

1UU 

11*U 

ml _ l - 1 - I _ I 

io*  le*  io»  to* 

LIFE  TO  FAILURE  (CYCLES) 


Fig.  26  Results  of  NLR  pilot  tests  for  the  core  progri 


To  establish  supplemental  testing  progranme  stress  levels  the  following  pilot  test  procedure  was 
and  is  requir-1: 

-  select  a  minimum  of  TWO  characteristic  stress  levels  (S  for  constant  amplitude  loading  ; 

S  for  FALSTAFF;  S  ,  for  MINI-TWIST)  ““ 

aax  mi 

-  test  a  minimum  of  THREE  uncorroded  specimens  in  laboratory  air  at  each  characteristic  stress 
level  (cycle  frequency  2  Hz  for  constant  amplitude  loading,  nominal  15  Hz  for  FALSTAFF  and 
MINI-TWIST,  see  also  section  2.2.1) 

-  if  the  results  do  not  fully  encompass  the  desired  range  in  uncorroded  fatigue  lives  for  the 
actual  test  programme,  select  additional  stress  levels  as  necessary  and  test  a  minimum  of  THREE 
specimens  per  stress  level 

-  plot  the  results  on  double  logarithmic  axes 

-  obtain  the  best  straight  line  fit  to  the  logarithmic  mean  lives 

-  read  off  from  the  straight  line  fit  the  characteristic  stress  levels  corresponding  to  the  desired 
uncorroded  nominal  fatigue  live6. 


T 


[notes \ 

( 1 )  Pilot  tests  DO  HOT  remove  the  necessity  for  testing  uncorroded  core  programme  and 
supplemental  testing  programme  specimens  in  laboratory  air  at  the  ESTABLISHED  stress 
levels. 

(2)  Examples  of  NLR  pilot  test  requirements  for  supplemental  testing  are  given  in  section 
2.2.2  and  may  be  helpful  as  guidelines  for  other  CFCTP  participants. 

(3)  If  CLAD  and  BARE  aluminium  alloy  sheet  of  the  same  TOTAL  thickness  are  to  be  compared  in 
the  supplemental  testing  programme ,  the  dadoing  layers  are  to  be  treated  as  if  they  do 
not  contribute  to  the  load-carrying  capability.  The  thickness  of  the  cladding  layers  must 
be  determined  and  these  thicknesses  must  be  subtracted  from  the  total  sheet  thickness 
when  calculating  the  required  LOADS  on  the  fatigue  specimen  -1.  These  loads  are  defined 
by  the  established  stress  levels  x  the  area  of  CORE  material  (including  the  crosa- 
sectio:  al  area  of  the  countersunk  fastener  holes).  Thus  the  loads  on  a  specimen  made  from 
clad  material  will  be  less  than  those  for  a  specimen  made  from  bare  material. 

10.2  Sunnary  of  Test  Procedure 

A  schematic  summary  of  the  test  procedure  is  given  in  figure  27. 


(SECTIONS  2.1.2.  2.2.2.  10.1) 

(SECTION  10.1) 


(SECTION*.!) 


( SECTIONS  4 a  10.1) 

(SECTION  *.2) 


•  I*  DELAY  IS  UNAVOIOASLE  THE  SPECIMEN  ASSEMBLY  IS  STORED  IN  A  DESICCATOR 
Pig-  27  Schematic  summary  of  the  test  procedure 
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10.3  Data  Recording 
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REPORTING 


Copies  of  each  data  sheet  shall  he  sent  to  BOTH  coordinators. 

11.1  Progress  Reports 

The  following  milestones  for  progress  reporting  of  the  CORE  programme  were  specified  (see  also 
section  2.3). 

CORE  PROGRAMME  PROGRESS  REPORTS 


AGARD  STRUCTURE?  AND  MATERIALS 
PANEL  MEETING  NUMBER 

DATE 

PROGRESS  REPORTING 

51 

52 

September  1980 
April  1981 

comparison  of  phase  I 
completion  of  p-ogvcmme 

In  order  to  meet  these  milestones  it  was  requested  that  all  data  pertaining  to  the  core  programme 
phases  be  sent  to  both  coordinators  (by  AIR  MAIL  if  intercontinental)  at  least  30  days  before  the 
relevant  meeting. 

The  following  table  gives  the  provisional  milestones  for  progress  reporting  of  the  SUPPLEMENTAL 
TESTING  programme  (see  also  section  2.3). 

SUPPLEMENTAL  TESTING  PROGRAMME  PROGRESS  REPORTS 


AGARD  STRUCTURES  AND  MATERIALS 
PANEL  MEETING  NUMBER 

DATE 

PROGRESS  REPORTING 

51 

September  1980 

supplemental  programmes 

definition 

52 

April  1981 

current  status 

CFCTP  participants  were  to  send  overviews  of  their  supplemental  testing  programmes  as  soon  as  possible 
to  BOTH  coordinators,  and  participants  were  encouraged  to  send  data  sheet  copies  as  soon  as  each 
specific  aspect  of  each  programme  had  been  investigated. 

11.2  Final  Reports 

A  final  report  covering  the  core  programme  (this  document)  has  been  prepared  for  presentation 
at  the  52nd  meeting,  in  April  1981,  for  approval  by  the  Corrvsion  Fatigue  Sub-Committee  of  the  AGARD 
Structures  and  Materials  Panel.  The  final  report  was  prepared  by  the  coordinators  from  the  data 
provided  by  the  CFCTP  participants. 

Final  reporting  of  the  supplemental  testing  programmes  is  to  date  unscheduled. 

11.3  Specialists'  Meeting 

A  Specialists'  Meeting  on  Corrosion  Fatigue  was  held  at  the  52nd  meeting  of  the  AGARD  Structures 
and  Materials  Panel  m  April  1981.  The  Specialists'  Meeting  comprised  invited  papers  by  corrosion 
fatigue  specialists  together  with  two  papers  covering  the  final  report  of  the  CFCTP  coordinators. 

Publication  of  all  contributions  in  an  AGARD  document  was  scheduled  for  the  autumn  of  1981. 


i- 
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APPENDIX:  FLIGHT  SIMULATION  TESTING 


12. 1  The  Manoeuvre  Spectrum  FALSTAFF 

A  microfiche  facsimile  of  the  complete  report  on  FALSTAFF  (Fighter  Aircraft  Loading  STAndard  For 
Fatigue)  vas  sent  to  each  CFCTP  participant.  This  report  was  prepared  as  a  joint  effort  bj  the 
Flugzeugverke  Essen  (F+W)  Switzerland;  the  Laboratorium  fdr  Betriebsfeatigkeit  (LBF)  Darmstadt,  West 
Germany,  the  Rational  Aerospace  Laboratory  (NLR)  Amsterdam,  the  Netherlands,  and  the  Induatrieanlagen- 
Betriebsgesellschaft  (IABG)  Ottobrunn,  West  Germany. 

12.2  The  Gust  Spectra  TWIST  and  MINI-TWIST 

Besides  the  facsimile  of  FALSTAFF  a  microfiche  facsimile  of  the  complete  report  on  TVIST 
(Transport  Wing  Standard)  vas  sent  to  each  CFCTP  participant.  Modifications  to  generate  MINI-TWIST 
(a  shortened  version)  were  also  sent. 


(1)  Hardcopies  of  the  FALSTAFF,  TWIST  and  MINI-TWIST  reports  arc  available  on  request  to  the 
abovementioned  laboratories. 

12.3  Verification  of  Flight  Simulation  Loading 

In  what  follows  a  RECOHffiNDED  check  of  the  accuracy  with  which  flight  simulation  loads  are 
applied  to  supplemental  testing  specimens  is  outlined.  The  purpose  of  such  a  check  is  to  ascertain 
whether  nominally  correct  load-exceedance  profiles  are  obtained  when  testing  with  flight  simulation 
spectra,  particularly  at  higher  cycle  frequencies  and  stress  levels. 

In  order  to  carry  out  the  check  it  is  necessary  to  use  a  calibration  specimen/grip  assembly  with 
the  some  stiffness  and  secondary  bending  characteristics  as  actual  test  specimens.  The  check  takes  place 
in  two  stages: 

(1)  Comparison  of  the  input  (command)  signal  and  the  signal  from  the  control  load  cell  in 
the  electrohydraulic  machine. 

(2)  Characterization  of  the  signal  from  the  control  load  cell. 


LOAD 


LOAD 


Fig.  39a  Comparison  of  the  cosaand  signal  and  load  cell-  signal 


LOAO 


LOAO 


Fig.  39b  Characterisation  of  the  loed  cell  signal 


These  stages  are  illustrated  schematically  in  figure  29.  For  both  stages  the  nominally  applied  stress 
levels  and  cycle  frequencies  are  chosen  to  be  representative  of  actual  testing.  In  the  first  stage  a 
particularly  severe  flight  in  the  load  history  is  selected  and  applied.  The  command  and  load  cell 
signals  are  transmitted  via  separate  channels  to  the  memory  of  a  data  acquisition  system  (histogram 
recorder),  figure  29a.  The  data  so  obtained  are  then  transmitted  to  a  multichannel  strip  chart  recorder 
and  traced  out  at  relatively  lov  speeds  in  terms  of  cycle  frequency.  The  accuracy  with  which  the  load 
cell  signal  follows  the  command  signal  can  then  be  ascertained.  Several  checks,  including  flights  of 
different  seventy,  can  be  made  in  this  way. 

Should  there  be  a  significant  difference  between  the  traces  of  the  command  and  load  cell  signals 
for  example  a  difference  of  more  than  3  %  in  the  load  maxima  and  minima  (see  also  section  5.3  on 
dynamic  calibration  errors),  then  it  is  necessary  to  proceed  to  the  second  stage.  In  this  stage  the 
load  cell  signal  is  recorded  for  a  complete  block  of  flights  (e.g.  FALCTAFF  consists  of  repetitions  of 
blocks  of  200  flights;  TWIST  and  MINI-TWIST  of  repetitions  of  blocks  of  1000  flights)  using  the  data 
acquisition  system  to  count  signal  and  hence  load  reversals  in  terms  of  peaks  and  valleys,  figure  29b. 
These  counts  are  then  compiled  in  a  histogram  and  in  tabular  form  for  comparison  with  the  originally 
defined  flight  simulation  loading  spectrum. 

|  NOTE  \ 

(1)  The  foregoing  procedure  applies  only  when  the  testing  conditions  of  stress  levels 

and  cycle  frequency  have  been  previously  determined  or  specified.  If  this  is  not  the  case 
then  checking  the  accuracy  with  which  flight  simulation  loads  are  applied  can  be  done  Rt 
various  stress  le- els  and  cycle  frequencies  in  order  to  find  out  the  limiting  conditions 
under  which  acceptable  accuracy  is  still  possible. 
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INTRODUCTION 


As  mentioned  at  the  beginning  of  Part  t  of  this  report  the  objectives  of  the  CFCTP  were,  and  are: 

•  to  assess  the  effectiveness  of  state-of-the-art  protection  schemes  for  aluminium  alloys  with 
respect  to  corrosion  fatigue  and  corrosion  ♦  fatigue 

•  to  stimulate  the  development  of  nev  protection  products,  procedures  and  techniques 

•  to  bring  researchers  on  both  sides  of  the  Atlantic  together  in  a  common  testing  effort  that  would 
result  in  a  better  understanding  of  the  corrosion  fatigue  phenomenon  and  the  means  of  mitigating 
it  for  aerospace  structural  materials 

•  to  enable  participating  laboratories  to  add  to  their  fatigue  testing  capabilities  by  using  a 
controlled  atmospheric  corrosion  environment. 

Within  this  context  the  CFCTP  core  programme  was  conceived  as  a  two-phase  programme  of  round-robin 
testing  to  establish  whether  participants  could  obtain  confidence  in  one  another’s  fatigue  testing 
capabilities.  At  the  same  time  the  programme  was  designed  to  be  sufficiently  straightforward  to  encourage 
participation,  particularly  by  those  with  relatively  little  experience  of  corrosion  fatigue  testing. 

In  this  part  of  the  report  the  scope  and  purpose  of  the  CFCTP  core  programme  are  described,  followed 
by  presentation  of  the  results,  statistical  analysis,  discussion  and  conclusions. 

2.  SCOPE  AND  PURPOSE  OF  THE  CFCTP  CORE  PROGRAMME 
2. 1  Scope 

An  overview  of  the  scope  of  the  CFCTP  core  programme  is  given  in  table  1.  More  details  concerning  the 
experimental  part  of  the  programme  are  to  be  found  in  Part  1  of  this  report.  Engineering  properties  of  the 
7075-T76  aluminium  alloy  sheet  were  specified  by  ALCOA  as  follows: 


0.2  %  YIELD  STRESS 

UTS 

ELONGATION 

CONDUCTIVITY 

1*79  MPa  (max) 

550  MPa  (max) 

11.0  % 

38.0  *  I.A.C.S. 

1*55  MPa  (min) 

5l*1  MPa  (min) 

It  was  decided  to  plan  the  core  programme  testing  schedules  such  that  they  could  be  carried  out  in 
two  phases,  corresponding  to  fatigue  tests  in  laboratory  air  (phase  1)  and  fatigue  testa  in  acidified 
salt  spray  (phase  II).  This  phasing  was  intended  to  assist  participants  in  gaining  testing  experience  as 
soon  as  possible,  while  in  the  meantime  ordering  and  constructing  equipment  for  fatigue  testing  in  salt 
spray.  It  turned  out  that  several  participants  did,  in  fact,  make  use  of  this  flexibility  in  the 
programme. 

Table  1  shows  that  there  were  nominally  eight  participants  in  the  CFCTP  core  programme,  four  in 
North  America  and  four  in  Europe.  However,  the  Norwegian  participation  involved  three  institutions: 
the  Norwegian  Defence  Research  Establishment  acted  as  coordinator;  the  Norwegian  Army  Material  Command 
carried  out  the  fatigue  tests;  and  the  Raufoss  Ammunition  Factory  examined  the  specimen  fracture  surfaces. 
This  examination  vas  done  in  detail  and  is  therefore  included  as  Annex  1  to  thiB  report. 

2.2  Purpose 

The  primary  purpose  of  the  CFCTP  core  programme  vas  to  establish  whether  participants  could  obtain 
confidence  in  one  another's  fatigue  testing  capabilities  with  the  added  dimension  of  a  controlled 
atmospheric  corrosion  environment.  That  is  to  say,  results  from  all  participants  were  to  be  analysed  to 
determine  whether  one  or  more  laboratories  had  obtained  data  significantly  different  from  those  for  the 
remaining  laboratories. 

In  more  detail  there  were  several  secondary  aims,  all  but  one  of  vhich  vere  identifiable  before 
testing.  These  prior-to-testing  aims  were  to  determine 

•  whether  the  effect  of  pre-exposure  was  significant  on  subsequent  fatigue  life  in  air  or  salt  spray 

•  whether  the  effect  of  fatigue  in  salt  spray  with  or  without  pre-exposure  was  significant  compared 
to  fatigue  in  air  with  or  without  pre-exposure 

•  whether  there  were  significant  differences  between  laboratories  in  the  relative  effects  of  pre¬ 
exposure  and/or  fatigue  in  salt  spray 

•  whether  the  sample  size  (I*  specimens  per  test  condition  per  participant)  was  sufficient  and 
whether  there  were  noticeable  differences  in  data  scatter  between  laboratories  and  fatigue  testing 
schedules. 

An  edditional  aim  was  identified  after  testing.  In  the  test  procedure  it  had  been  specified  that 
pre-exposed  core  programme  specimens  were  to  be  cleaned  and  then  fatigue  tested  as  soon  as  possible, 
preferably  immediately  (see  sections  7.2,  9.1,  9.2  and  10.2  of  Part  1  of  this  report).  However,  some 
pre-exposed  and  cleaned  specimens,  notably  those  at  the  MLR  and  AFWAL,  were  stored  for  several  days  in  a 
desiccator  before  fatigue  testing.  As  will  be  discussed  in  section  3.1*. 1  of  this  Part  of  the  report,  the 
question  arose  whether  the  time  delay  between  cleaning  and  fatigue  testing  had  a  significant  influence 
on  the  results. 


TABLE  1 :  SCOPE  OF  THE  CFCTP  CORE  PROGRAMME 


•  MATERIAL 

•  SPECIMEN 

•  PROTECTIVE  SYSTEM 

•  PROTECTIVE  SYSTEM  DAMAGE 

•  FATIGUE  LOADING 

•  FATIGUE  ENVIRONMENTS 

•  STATIC  PRE-EXPOSURE 


I 

3.2  mo  thick  7075-T76  bare  aluminium  alloy  sheet  supplied 
especially  by  ALCOA  from  one  heat. 

1)  dogbone  mechanically  fastened  by  cadmium  plated  steel  Hi-Loks 
from  a  single  batch  of  fasteners  supplied  by  the  VOI-SHAN 
Corporation.  All  prior-to-assembly  parts  of  specimens  were 
manufactured  by  the  U.S.  Air  Force  Materials  Laboratory  (AFML). 

chromate  conversion  coating  ♦  inhibited  epoxy  polyamide  primer 
(except  fastener  holes)  ♦  aliphatic  polyurethane  topcoat, 
applied  by  the  U.S.  Naval  Air  Development  Centre  (NADC). 

all  specimens  prestressed  at  209  t  10K  with  two  cycles  to  a 
maximum  stress  of  215  MPa  in  order  to  crack  the  paint  and  primer 
layers  in  the  fastener  hole  vicinities. 

constant  amplitude  sinusoidal  loading  at  a  stress  ratio 

R(«  S  .  /S  )  of  0.1  at  two  stress  levels  and  frequencies,  see 

,  .  min  max 

belov. 

Laboratory  air  with  relative  humidity  of  30  -  70  ?  and  5  t 
aqueous  NaCl  salt  spray  acidified  with  HjSO^  to  pH  4;  both 
environments  at  nominally  295K. 

72  hours  in  5  It  aqueous  NaCl  with  a  predetermined  amount  of  S02 
gas  added  by  reacting  Na2S0_  pellets  with  H^SO^  in  vented 
test  tubes  suspended  above  Jthe  salt  solution,  which  was  kept  at 
315  1  2K. 


PHASE 

FATIGUE 

TESTING 

SCHEDULES 

NUMBER  OF  SPECIMENS 

CYCLE 

FREQUENCY 

S  «  210  MPa 

max 

S  «  1UU  MPa 

max 

m 

fatigue  in  air 

u 

4 

>  e|*. 

pre-exposure  ♦ 

■ 

fatigue  in  air 

4 

4 

fatigue  in  salt 

spray 

4 

4 

II 

0.5  Hz 

pre-axpoaure  ♦ 

fatigue  in  salt 

4 

4 

spray 

' 

•  PARTICIPANTS 


•  Naval  Air  Development  Centre  NADC,  Warminster,  Pennsylvania, 
USA. 

•  University  of  Saskatchewan,  Saskatoon,  Canada. 

•  Vought  Corporation,  Dallas,  Texas,  USA. 

•  Air  Force  Wright  Aeronautical  Laboratories  AFWAL,  Dayton, 
Ohio,  USA. 

•  National  Aerospace  Laboratory  NLR,  Amsterdam,  The  Netherlands. 

•  Deutsche  Forschungs-  und  Versuchsanstalt  fur  Luft-  und 
Raumfahrt  DFVLR,  Cologne,  Germany 

•  Norwegian  Defence  Research  Establishment  NDRE,  Kjeller ,  Norway 

•  Royal  Aircraft  Establishment  RAE,  Farnborough,  United  Kingdom. 


3.  RESULTS  OF  THE  CFCTP  CORE  PROGRAMME 

3.1  Presentation  of  the  Fatigue  Life  Data 

The  complete  set  of  fatigue  life  data  for  the  CFCTP  core  prograane  is  given  in  table  2,  and  log  mean 
values  in  table  3.  These  tables  are  followed  by  figures  1  and  2,  which  compare  the  data  in  terms  of  log 
mean  life  and  data  range  for  each  fatigue  testing  schedule  and  for  each  participant, 

3.2  Statistical  Methods  for  Analysing  the  Fatigue  Life  Data 

In  section  2.2  of  this  Part  of  the  report  the  primary  and  secondary  aims  of  the  CFCTP  core  programme 


TABLE  2:  FATIGUE  LIFE  DATA  FOR  THE  CFCTP  CORE  PROGRAMME 


FATIGUE  LIFE  TO  FAILURE  (CYCLES) 


175,510 
81 ,170 
111,500 
1 146,240 


153,780 
96,362 
68,216 
135 ,889 


1 1 1 ,470 
122,390 
82,483 
116,596 


119,047 

85,912 

95,243 

105,261 


122,468 

59,900 

191,035 

35,331 


85,956 

56,574 

48,291 

33,693 


83,246 

110,280 

186,964 

196,915 

55,317 

127,344 

e2,ooa 

46,824 

38,512 

60,019 

31,116 

1 44,344 

86,862 

134,522 

83,273 

44,498 

54,165 

197,748 

70,228 

94,341 

31,200 

45,500 

71,021 

104,817 

71,820 

71,920 

72,111 

76,120 

92,929 

82,561 

45,240 

121,584 

106,209 

22 ,608 
76,442 
121,927 

78,828 

118,805 

102,326 

387,955 

■ 

156,170 

139,186 

57,088 

273,635 

125,357 

36,553 

90,392 

67,798 

TABLE  3:  LOG  MEAN  VALUES  OF  THE  FATIGUE  LIFE  DATA 


PARTICIPANTS 


fatigue  in 
salt  spray 


pre-exposure  t 

*  fat"fe  in  air 
in  salt  spray 


pre-exposure 
+  fatigue 
in  air 


fatigue  in 
salt  spray 


NADC 

24,304 

8695 

9457 

8'' 79 

131,533 

127,282 

118,197 

94,679 

UNIVERSITY  OF 
SASKATCHEWAN 

15,527 

1 1 ,772 

14,1*18 

6624 

130,869 

107,026 

85,951 

73,94V 

VOUGHT 

19,878 

17,686 

6172 

7158 

176,184 

100,628 

83,884 

53,036 

AFWAL 

30,798 

15,468 

12,254 

6698 

183 ,888 

128,766 

119,872 

86,484 

NLR 

26,698 

24,041 

9590 

9910 

146,016 

135,589 

72,117 

56,763 

DFVLR 

27,247 

8261 

17,553 

7722 

123,117 

81,118 

91,783 

57,016 

NDRE 

22,838 

12,176 

10,852 

9211 

123,455 

72,971 

80,599 

68,780 

RAE 

25,582 

10,184 

14,384 

10,955 

108,262 

138,850 

135,746 

72,796 
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are  listed.  To  accomplish  the  prior-to-testing  aims  the  data  were  statistically  treated  using  the  methods 
listed  in  table  4.  These  methods  are  illustrated  in  Annex  2  to  this  report. 

The  tests  for  normality  and  for  homogeneity  of  variances  are  prerequisites  to  the  other,  more 
detailed,  statistical  methods.  First  it  should  be  known  whether  the  data  may  be  treated  as  random 
variables  in  a  normal  distribution,  i.e.  whether  the  data  are  from  normally  distributed  populations. 

Then  the  choice  of  more  detailed  statistical  treatment  depends  on  whether  the  variances  of  the 
populations  are  equal  (homogeneous). 

3.3  Fatigue  Life  Analysis  Results 

3.3.1  Checking  for  normal  distribution 

In  checking  for  normal  distribution  the  CFCTP  core  programme  data  were  considered  to  belong  to  eight 
different  populations  corresponding  to  each  of  the  four  fatigue  testing  schedules  in  combination  with 
each  of  the  two  stress  levels,  table  1.  It  was  found  that  the  data  for  each  population  closely 
approximate  to  a  log-normal  distribution,  see  Annex  2.1.  This  means  that  the  data  may  be  treated  in  the 
same  way  as  random  variables  in  a  normal  distribution. 


TABLE  4:  STATISTICAL  METHODS  USED  TO  ANALYSE  THE  CFCTP  CORE  PROGRAMME  DATA 


BOX  TEST  FOR 

BARTLETT 

SINGLE 

3CHEFFE  TEST 

LIPSON  AND 

SHETH 

METHOD 

PURPOSE  OF 

ANALYSIS 

TEST  FOR 

HOMOGENEITY 

TEST  FOR 

FACTOR 

FOR 

t-STATISTIC 

NORMALITY 

OF  VARIANCES 

HOMOGENEITY 
OF  VARIANCES 

ANALYSIS 

OF 

VARIANCE 

INDIVIDUAL 

COMPARISONS 

EVALUATION 

[1] 

[2] 

£3] 

(41 

(5] 

[6] 

17] 

CHECK  FOR  DIFFERENCES 
BETWEEN  LABORATORIES 

• 

• 

• 

• 

CHECK  FOR 

ENVIRONMENTAL  EFFECTS 

• 

• 

• 

CHECK  SUFFICIENCY  OF 
SAMPLE  SIZE 

' 

• 

[ 1 ]  Checking  for  normal  distribution  of  the  fatigue  life  data  was  done  in  two  ways.  See  Annex  2,1. 

12]  The  Box  test  was  applied  for  each  fatigue  testing  schedule  at  each  stress  level.  The  data  from 

different  laboratories  were  treated  as  coming  frcm  different  populations,  i.e.  the  sample  site  was 
4.  See  Annex  2.2, 

[3]  The  Bartlett  test  was  applied  for  comparison  of  fatigue  testing  schedules  at  each  stress  level. 

The  data  from  different  laboratories  were  treated  as  coming  from  the  same  population,  i.e.  '.he 
sample  size  was  32.  See  Annex  2.3. 

£4 J  Analysis  of  variance  checked  for  significant  differences  in  the  data  from  different  laboratories 
for  each  fatigue  testing  schedule  at  each  stress  level,  i.e.  the  sample  size  wa3  4.  See  Annex  2.4. 

[5]  The  Schefrt  test  of  significance  for  a  difference  between  any  two  means  was  used  to  determine  the 
source,  or  sources,  of  significant  differences  indicated  by  the  single  factor  analysis  of  variance. 
See  Annex  2.5. 

[6]  The  t-stati3tic  evaluation  checked  for  significant  differences  in  the  data  for  different  fatigue 
testing  schedules  at  each  stress  level  (six  comparisons  per  stress  level).  The  data  from  different 
laboratories  were  treated  as  coming  from  the  same  population,  i.e.  the  sample  size  was  32, 

See  Annex  2.6. 

[7]  Checking  for  sufficiency  of  sample  size  (4  specimens  per  test  condition  per  participant)  was  done 
according  to  a  method  described  in  Statistical  Design  and  Analysis  of  Engineering  Experiments, 

C.  Lipson  and  N.J.  Sheth,  McGraw-Hill  Book  Company,  p.  267  (1973):  New  York.  See  Annex  2.7. 


TABLE  5:  SUMMARY  OF  BARTLETT  TEST  RESULTS 


COMPARISONS  OF  DATA  FROM  DIFFERENT  FATIGUE  TESTING  SCHEDULES 

HOMOGENEITY  OF  VARIANCES 

=  210  MPa 

D&X 

S  _  =  144  MPa 

nax 

fatigue  in  air/pre-exposure  ♦  fatigue  in  air 

no 

yes 

fatigue  in  air/fatigue  in  salt  spray 

no 

yes 

fatigue  in  air/pre-exposure  ♦  fatigue  in  salt  spray 

yes 

no 

pre-exposure  ♦  fatigue  in  air/ fatigue  in  salt  spray 

yes 

no 

pre-exposure  ♦  fatigue  in  air/pre-exposure  +  fatigue  in 
salt  spray 

yes 

no 

fatigue  in  salt  spray /pre-exposure  ♦  fatigue  in  salt  spray 

yes 

yes 

t 
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3.3.2  Checking  for  inter-laboratory  differences 

To  achieve  this  primary  aim  the  data  froj  different  laboratories  were  considered  to  come  from 
different  populations,  so  that  there  were  sixty-four  populations  corresponding  to  data  from  each  of  the 
eight  participants  for  each  of  the  four  fatigue  testing  schedules  in  combination  with  each  of  the  two 
stress  levels. 

The  data  were  fir3t  checked  for  homogeneity  of  variances  using  the  Box  test,  see  Annex  2.2. 

For  a  confidence  level  of  95  *  it  was  found  that  two  suspect  outliers  should  be  excluded.  These  were  the 
University  of  Saskatchewan  datum  of  1*19,690  cycles  for  fatigue  in  air  and  the  RAE  datum  of  301,955  cycles 
for  pre-exposure  +  fatigue  in  air  at  a  maximum  stress  level  of  ll*l*  MPa,  table  2.  With  these  exclusions 
the  Box  test  showed  that  the  population  variances  were  equal  at  the  95  %  confidence  level  except  for 
a  moderate  violation  in  the  case  of  comparison  of  the  eight  populations  for  pre-exposure  ♦  fatigue  in 
air  at  a  maximum  stress  level  of  141*  MPa. 

This  result  enabled  proceeding  to  single  factor  analysis  of  variance,  which  is  illustrated  ir  Annex 
2.4.  The  analysis  was  done  with  and  without  the  two  suspect  outlying  data.  A  significant  inter-laboratory 
difference  was  indicated  with  95  %  confidence  for  fatigue  in  salt  spray  at  a  maximum  stress  level  of 
210  MPa.  Otherwise  there  were  no  significant  inter-laboratory  differences. 

The  Scheff£  test.  Annex  2.5,  was  applied  to  the  data  for  fatigue  in  salt  spray  at  a  maximum  stress 
level  of  210  MPa  in  order  to  locate  the  source,  or  sources,  of  the  significant  inter-laboratory 
difference.  This  test  showed  that  there  was  a  single  source,  namely  the  difference  between  results  from 
Vought  Corporation  and  the  DFVLR  (see  also  tables  2  and  3  and  figure  l). 

3.3.3  Checking  for  environmental  effects 

The  three  prior-to-testing  secondary  aims  involving  environmental  effects  have  already  been  listed 
in  section  2.2  of  this  Part  of  the  report.  However,  for  convenience  they  are  given  here  also.  These  aims 
were  to  determine 

•  whether  the  effect  of  pre-exposure  was  significant  on  subsequent  fatigue  life  in  air  or  salt  spray 

•  wnether  the  effect  of  fatiguing  in  salt  spray  with  or  without  pre-exposure  was  significant 
compared  to  fatigue  in  air  with  or  without  pre-exposure 

•  whether  there  were  significant  differences  between  laboratories  in  the  relative  effects  of 
pre-exposure  and/or  fatigue  in  salt  sprsy. 

An  unforeseeable  result  of  checking  for  inter-laboratory  differences  is  that  the  third  secondary 
aim  has  effectively  been  achieved  without  the  necessity  for  further  analysis.  Thus  a  single  source  of 
significant  inter-laboratory  difference  means  that  there  was  only  one  significant  difference  in  the 
relative  effects  of  environmental  testing,  namely  the  difference  in  the  relative  effect  of  fatigue  in 
salt  spray  at  a  maximum  stress  level  of  210  MPa  as  carried  out  by  Vought  Corporation  and  the  DFVbR. 

For  further  analysis  with  respect  to  the  first  two  secondary  aims  it  was  desirable  to  treat  the 
data  for  each  fatigue  testing  schedule  and  stress  level  as  coming  from  the  same  population.  Thus  no 
distinction  was  made  between  the  data  from  different  laboratories.  This  was  not  strictly  correct,  but 
was  considered  justified  since  only  one  significant  inter-laboratory  difference  had  been  found. 

The  data  were  checked  for  homogeneity  of  variances  using  the  Bartlett  test,  see  Annex  2.3. 

The  results  are  summarised  in  table  5.  Several  of  the  comparisons  of  data  from  different  fatigue  testing 
schedules  showed  that  population  variances  were  not  equal.  Bee  se  of  this  the  data  were  analysed 
further  using  the  t-statistic  evaluation  rather  than  the  morf  .r  hodox  two  factor  analysis  of  variance. 

The  t-statistic  evaluation  procedure  was  standard  for  comparisons  of  data  with  equal  variance  and 
modified  for  comparisons  of  data  with  unequal  variance,  see  Annex  2.6.  The  following  results  were 
obtained  for  both  stress  levels  with  a  confidence  level  of  95  %• 

•  pre-expo3ure  significantly  reduced  the  subsequent  fatigue  lives  in  air  and  salt  spray 

•  fatigue  lives  in  salt  spray  were  significantly  less  than  those  in  air 

•  there  was  no  significant  difference  between  fatigue  lives  for  pre-exposure  +  fatigue  in  air  and 
fatigue  in  salt  spray,  i.e.  the  reductions  in  fatigue  life  owing  to  pre-exposure  or  fatigue  in 
salt  spray  were  similar 

•  pre-exposure  ♦  fatigue  in  sal  -pray  significantly  reduced  the  fatigue  lives  as  compared  to  the 
other  testing  schedules. 

A  general  impression  of  these  results  is  provided  by  figure  3,  which  shows  the  log  mean  fatigue  life 
values  of  all  thirty-two  data  for  each  fatigue  testing  schedule  and  stress  level.  The  data  trends  for 
both  stress  levels  are  consistent  and  indicate  relatively  little  difference  between  results  for  pre¬ 
exposure  ♦  fatigue  in  air  and  fatigue  in  salt  spray.  Also  it  is  seen  that  environmental  effects  were 
relatively  greater  for  the  higher  maximum  stress  level. 

It  i3  worth  comparing  the  trends  in  figure  3  with  the  less  orderly  ones  in  figure  2,  where  the  data 
are  plotted  per  participant  and  test  schedule.  The  ascertainment  of  environmental  effects  in  a  consistent 
manner  has  clearly  benefited  from  the  use  of  round-robin  testing,  which  gave  the  potential  and,  as  it 
turned  out,  actual  possibility  of  comparing  many  more  data  for  each  fatigue  testing  schedule  and  stress 
level. 

3.3.1*  Checking  for  sample  size  sufficiency  and  differences  in  data  scatter 

To  check  for  sufficiency  of  sample  size  the  method  illustrate!  in  Annex  2.7  was  used.  It  involves 
selecting  an  acceptable  error  level,  usually  5  t  or  10  t,  and  finding  the  required  sample  size  for  a 
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Fig.  3  Summary  diagram  of  the  CFCTP  core  programme  fatigue  life  data 

particular  confidence  level.  For  the  CFCTP  core  programme  data  the  sample  size  check  was  used  for  two 
purposes ,  namely 

•  to  find  the  combination  of  error  and  confidence  levels  for  which  the  actual  sample  size 
(4  specimens  per  test  condition  per  participant)  was  sufficient 

•  to  give  an  indication  of  differences  in  data  scatter  between  laboratories  and  fatigue  testing 
schedules. 

The  actual  sample  size  was  found  to  be  sufficient  for  the  combination  of  10  %  error  and  90  it 
confidence  levels.  This  result  indicates  a  generally  low  data  scatter  and  therefore  high  reproducibility 
of  the  specimens  and  testing  conditions. 

To  indicate  any  differences  in  data  scatter  the  required  sample  sizer  were  determined  for  the 
combination  of  5  ?  error  and  90  it  confidence  levels,  figure  4.  The  shaded  regions  denote  exceedance  of 
the  actual  sample  size,  and  since  a  larger  required  >  unple  size  reflects  greater  scatter  the  results 
indicate  the  following 

•  the  RAE  data  exhibited  more  persistent  scatter  than  data  from  the  other  participants 

•  the  amount  of  scatter  tended  to  increase  with  complexity  of  testing:  this  is  particularly 
noticeable  for  pre-exposure  ♦  fatigue  in  salt  spray 

•  for  pre-exposure  ♦  fatigue  in  air  there  was  much  more  scatter  at  the  higher  maximum  stress  level 
of  210  MPa. 

These  trends  can  also  be  seen  in  figure  1. 

3.4  Locations  of  Primary  Origins  of  Fatigue 

All  participants  in  the  CFCTP  core  programme  were  requested  to  3end  fractured  specimen  halves  to  the 
BLR.  These  specimen  halves  were  examined  by  the  European  coordinator  using  a  stereo  binocular  at 
magnifications  up  to  100X.  The  primary  origins  of  fatigue  were  determined,  whenever  possible,  according 
to  the  schematic  of  locations  indicated  in  the  key  to  table  6,  which  gives  the  fatigue  life  and  primary 
origin  data  for  all  but  three  specimens:  two  had  been  lost  (NDRE)  and  the  third  failed  at  an  edge  remote 
from  the  fastener  area  (RAE). 
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3.4,1  Specimens  pre-exposed  and  fatigue  tested  in  air 

In  the  last  column  of  table  6  there  are  remarks  concerning  pre-exposed  specimens  fatigue  tested  in 
air.  It  was  found,  particularly  for  fatigue  testing  at  a  maximum  stress  level  of  210  MPa,  that  some 
specimens  exhibited  corroded  fracture  surfaces  near  the  primary  fatigue  origins.  This  is  an  indication 
that  an  aqueous  solution  was  present  inside  the  specimens  while  they  were  fatigue  tested,  even  though 
a  detailed  cleaning  procedure  was  specified  in  section  7.2  of  Part  1  of  this  report.  Further  information 
is  obtained  from  table  7,  which  presents  results  according  to  whether  the  fracture  surfaces  were 
corroded  or  not.  It  is  seen  that 

•  for  both  stress  levels  the  log  mean  lives  of  corroded  specimens  were  significantly  shorter  than 
those  for  uncorroded  specimens 

•  for  a  maximum  stress  level  of  210  MPa  there  was  no  essential  difference  in  the  locations  of 
primary  fatigue  origins  in  corroded  and  uncorroded  specimens 

•  for  a  maximum  stress  level  of  1 UU  MPa  the  presence  of  a  corrodent  might  have  resulted  in  some 
primary  fatigue  ori£  ns  being  in  the  bores  (E/Q)  or  at  the  bore/faying  surface  corners  (F/R)  of 
fastener  holes  insterc  of  at  the  faying  surfaces  (G/S). 

It  is  concluded  that  an  aggressive  aqueous  solution  was  present  inside  the  specimens  exhibiting  corroded 
fracture  surfaces.  Most  probably  this  was  5  %  aqueous  NaCl  ♦  SO^  remaining  from  pre-exposure. 

Information  on  the  time  delays  between  cleaning  and  fatigue  testing  in  air  was  supplied  by  the 
participants.  There  was  no  strong  correlation  between  time  delays  and  subsequent  fatigue  lives  and/or 
corroded  fracture  surfaces.  However,  from  the  NLR  and  AFWAL  data  it  did  appear  that  storing  the 
specimens  for  several  days  in  desiccators  resulted  in  relatively  long  fatigue  lives  and  uncorroded 
fracture  surfaces.  This  is  considered  sufficient  ground  for  amending  the  cleaning  procedure,  as  will  be 
discussed  in  section  4.4. 

3.1*. 2  Classification  of  all  primary  origins  of  fatigue 

Since  table  7  shows  that  the  locations  of  primary  fatigue  origins  in  specimens  with  corroded  and 
uncorroded  fracture  surfaces  did  not  differ  very  much,  it  was  felt  that  all  the  data  in  table  6  could 
be  classified  together. 

Classification  of  all  the  primary  fatigue  origin  data  is  done  in  table  8.  There  are  four  sub¬ 
divisions,  vhich  will  be  dealt  with  consecutively.  First,  listing  the  total  numbers  of  each  type  of 
primary  ori  i  shows  that 

•  most  . iilures  began  in  the  bores  (E/Q)  or  at  the  bore/faying  surface  corners  (F/R)  of  fastener 
holes:  there  was  no  preference  with  respect  to  outer  (E,F)  or  inner  (Q,R)  sides  of  the  holes 

•  failures  at  faying  surfaces  (0/ S)  occurred  mainly  to  the  outsides  of  fastener  holes  (G), 
probably  because  the  proximity  of  free  edges  facilitated  relative  displacements  between  the 
fatigue  specimen  -1  and  half  plate  -2,  thereby  promoting  fretting  fatigue  initiation 

•  very  few  failures  initiated  in  the  countersink  areas:  most  were  at  the  surface  edges  to  the 
outsides  of  fastener  holes  (B). 

Listing  the  primary  fatigue  origins  for  specimens  tested  by  each  participant  reveals  minor  inter¬ 
laboratory  differences.  For  example,  specimens  tested  by  the  AFVAL  and  RAE  exhibited  more  faying 
surface  (G/S)  and  fewer  bore  (E/Q)  failures  than  specimens  tested  by  other  participants. 

The  third  part  of  table  8  gives  a  complete  breakdown  of  the  locations  of  primary  fatigue  origins 
with  respect  to  stress  level  and  testing  schedule,  and  the  last  pa  t  adds  up  the  total  numbers  of 
primary  fatigue  origins  per  stress  level  and  phase  of  the  CFCTF  core  programme,  i.e,  fatigue  in  air 
(phase  I)  and  fatigue  in  acidified  salt  spray  (phase  II).  The  data  distribution  in  these  two  parts  of 
the  *xble  reveals  a  predominant  effect  of  stress  level  on  the  locations  of  primary  fatigue  origins. 
Accordingly,  stress  level  has  been  treated  as  the  primary  variable  in  preparing  figure  5,  vhich 
supplements  table  8.  The  table  and  figure  show  that 

a  stress  level  had  a  major  effect: 

-  for  a  maximum  stress  level  of  210  MPa  the  primary  fatigue  origins  were  mainly  in  the  bores  of 
fastener  holes 

-  for  a  maximum  stress  level  of  144  MPa  the  primary  fatigue  origins  were  mainly  at  the  bore/ 
faying  surface  corners  and  the  faying  surfaces 

•  the  effect  of  fatigue  environment  was  significant:  changing  from  fatigue  in  air  to  fatigue  in 
salt  spray  promoted  failure  initiation  in  the  bores  or  at  the  bore/faying  surface  corners  of 
fastener  holes  and  reduced  the  number  of  failures  initiating  at  the  faying  surfaces 

•  pre-exposure  resulted',  in  several  effects: 

-  relatively  more  primary  fatigue  origins  in  the  bores  of  fastener  holes 

-  a  few  primary  fatigue  origins  at  the  surface  edges  of  countersinks 

-  less  primary  fatigue! origins  at  the  bore/faying  surface  corners  of  fastener  holes  for  a 
maximum  stress  level) of  210  MPa,  but  the  same  number  for  a  maximum  stress  level  of  144  MPa. 

Overall  these  effects  caused  a  significant  reduction  in  the  number  of  failures  initiating  at 
faying  surfaces. 

The  effects  of  pre-exposure  and/or  fatigue  in  salt  spray  may  be  summarised  as  especially  promoting 
failure  initiation  in  the  bores  of  fastener  holes.  Also  the  number  of  failures  initiating  at  bore/ 
faying  surface  corners  was  promoted  or  maintained  for  a  maximum  stress  level  of  144  MPa, 


TABLE  8 :  CLASSIFICATION  OF  CFCTP  CORE  PROGRAMME  PRIMARY  FATIGUE  ORIGINS 


TOTAL  NUMBERS  OF 
EACH  TYPE  OF  PRIMARY 
ORIGIN 


BORE  OF  BORE/FAYING  FAYING  SURFACE  EDGE  COUNTERSINK/ 

FASTENER  SURFACE  SURFACE  OF  COUNTERSINK  BORE  TRANSITION 

HOLE  CORNER 

E /„  F/„  C/„  B/„  C/„  D/„ 


•  NUMBERS  OF  PRIMARY 
ORIGINS  PER 
PARTICIPANT 


PARTICIPANTS 

e/q 

f/r 

NADC 

1L 

9 

UNIVERSITY  OF 

SASKATCHEWAN 

lit 

12 

VOUGHT 

^6 

10 

AFWAL 

1  1 

10 

NLR 

15 

8 

DFVLR 

15 

12 

NDRE 

15 

11 

RAE 

8 

8 

•  NUMBERS  OF  PRIMARY 
ORIGINS  PER  STRESS 
LEVEL  AND  FATIGUE 
TESTING  SCHEDULE 


5  «  210  MPa  S  *  lUV  MPa 

FATIGUE  TESTING  .  .  ;  )■/■  n>  -*7 . i-pTi'c/  I'r/  I"?/  T'riT" 

SCHEDULES  h/Q  F/R  G/S  B' N  C/0  D/P  h/Q  F/R  G/S  B/N  C/0  D/P 

fatigue  in  air  20  9  7  0  0  0  0  9  23  0  0  0 

pre-exposure  ♦  20  9  2  2  0  0  b  9  12  5  1  1 

fatigue  in  air 

fatigue  in  22  13  0  0  0  0  6  1  3  10  0  1  0 

salt  spray 

pre-exposure  ♦ 

fatigue  in  salt  28  5  0  0  0  0  813  51*  1  1 

spray 


•  TOTAL  NUMBERS  OF 
PRIMARY  ORIGINS  PER 
STRESS  LEVEL  AND 
PHASE  OF  THE  CFCTP 
CORE  PROGRAMME 


3.5  Correlation  of  Fatigue  Lives  and  Primary  Origins  of  Fatigue 

Correlation  of  the  fatigue  lives  and  primary  fatigue  origins  is  given  in  table  9  and  figures  6  and 
7.  Note  that  the  two  failures  at  the  surface  edges  of  countersinks  (B)  for  pre-exposure  ♦  fatigue  in 
air  at  a  maximum  stress  level  of  210  MPa  have  been  omitted  from  figure  6,  since  there  were  no  similar 
failures  for  other  fatigue  testing  schedules  at  the  same  stress  level. 

The  correlations  show  the  following: 

•  most  results  do  not  indicate  a  significant  influence  of  primary  fatigue  origin  on  the  fatigue 
life  for  each  testing  schedule;  however 

-  for  fatigue  in  air  and  pre-exposure  ♦  fatigue  in  air  at  a  maximum  stress  level  of  210  MPa  the 
initiation  of  failures  in  the  bores  and  at  the  bore/faying  surfs. e  corners  of  fastener  holes 
tended  to  result  in  shorter  lives  than  failure  initiation  at  other  locations 

-  for  fatigue  in  salt  spray  at  a  maximum  stress  level  of  ILL  MPa  the  initiation  of  failures 
at  the  bore/faying  surface  comers  of  fastener  holes  tended  to  result  in  shorter  lives  than 
failure  initiation  at  other  locations 


Fig.  5a  Primary  fatigue  origins  per  stress  level 
for  the  CFCTP  core  programme 


Fig.  5b  Primary  fatigue  origins  per  fatigue  Fig.  5c  Primary  fa'igue  origins  for  CFCTP  core 

environment  for  the  CFCTP  core  programme  programme  tests  with  and  without  pre¬ 

exposure 

•  for  a  maximum  stress  level  of  210  MPa  the  effect  of  pre-exposure  and/or  fatigue  in  salt  spray 
in  reducing  fatigue  life  was  similar  for  specimens  in  which  failure  initiated  in  the  bores  or 
at  the  bore/faying  surface  comers  of  fastener  holes 

•  for  a  maximum  stress  level  of  1  Ul*  MPa  the  effect  of  pre-exposure  and/or  fatigue  in  salt  spray 
in  reducing  fatigue  life  was  more  pronounced  for  specimens  in  which  failure  initiated  at  the 
bore/faying  surface  corners  of  fastener  holes  as  compared  to  other  locations. 

*».  DISCUSSIOH 

•»,  1  The  Primary  Purpose  of  the  CFCTP  Core  Programme 

As  mentioned  in  section  2.2  of  this  Part  of  the  report,  the  primary  purpose  of  the  CFCTP  core 
programme  was  to  determine  whether  participants  could  be  confident  in  one  another’s  fatigue  testing 
capabilities,  including  the  use  of  a  controlled  atmospheric  corrosion  environment. 

Analysis  of  the  core  programme  data  showed  that  there  was  only  one  significant  inter-laboratory 
difference,  and  this  was  between  only  two  participants.  This  excellent  result  is  reinforced  by  the 
generally  low  data  scatter,  which  indicates  high  reproducibility  of  both  specimens  and  testing 
conditions. 


In  short:  the  primary  purpose  of  the  core  programme  has  been  achieved. 


x 
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TABLE  9:  LOG  MEAN  FATIGUE  LIFE  CORRELATED  TO  PRIMARY  FATIGUE  ORIGINS  FOR  THE  CFCTP  CORE  PROGRAMME 


TESTING 

SCHEDULES 

LOCATION!  OF 
PRIMARY  ORIGINS 

!  s 

max 

«  210  MPa 

s 

max 

*  144  MPa 

NUMBERS  OF 

PRIMARY 

ORIGINS 

LOG  MEAN  FATIGUE 
LIFE 

(CYCLES) 

NUMBERS  OF 

PRIMARY 

ORIGINS 

LOG  MEAN  FATIGUE 
LIFE 

(CYCLES) 

E/Q 

20 

22,606 

0 

- 

fatigue  in  air 

F/R 

9 

21,207 

9 

162,489 

G/S 

7 

29,699 

..  _ 

23 

129,873 

E/(J 

20 

12,219 

4 

92,770 

F/R 

9 

10,914 

9 

100,472 

pre-exposure  ♦ 

G/S 

2 

30,648 

12 

119,938 

fatigue  in  air 

B/N 

2 

22,089 

5 

117,704 

C/0 

0 

• 

1 

122,800 

D/P 

0 

“ 

1 

78,828 

E/Q 

22 

10,583 

6 

124,192 

fatigue  in  salt 

F/R 

13 

13,342 

13 

65,701 

spray 

G/S 

0 

- 

10 

116,807 

C/0 

0 

- 

1 

122,092 

E/Q 

28 

8153 

8 

76,019 

F/R 

5 

8937 

13 

55,010 

pre-exposure  ♦ 

G/S 

0 

- 

5 

80,906 

fatigue  in  salt  spray 

B/N 

0 

- 

4 

84 ,035 

C/0 

0 

- 

1 

73,840 

D/P 

0 

- 

1 

73,840 

4.2  Environmental  Effects 

Analysis  of  all  the  data  shoved  that  there  were  consistent  environmental  effects  for  both  stress 
levels.  Both  pre-exposure  and  fatigue  in  salt  spray  significantly  reduced  the  fatigue  lives, 
especially  in  combination,  as  may  be  seen  in  figure  3. 

In  view  of  the  overall  consistency  there  are  three  especially  interesting  aspects: 

e  the  environmental  effects  were  relatively  greater  for  the  higher  maximum  stress  level  of  210  MPa: 
many  environmental  fatigue  data  show  that  the  reverse  would  be  expected 

•  the  effect  of  pre-exposure  was  similar  to  that  of  fatigue  in  salt  spray,  although  environmental 
fatigue  is  generally  much  more  damaging  than  prior  environmental  exposure 

•  for  pre-exposure  ♦  fatigue  in  air  there  vas  much  more  scatter  at  the  higher  maximum  stress  level 
of  210  MPa,  whereas  scatter  is  usually  less  at  higher  stress  levels. 

Explanations  of  these  apparently  anomalous  aspects  vill  now  be  given  based  on  examination  of  the 
fractured  specimen  halves, 

4.2. 1  Dependence  of  environmental  effects  on  stress  level 

It.  section  3.4.2  of  this  Part  of  the  report  it  was  shown  that  stress  level  vas  the  major  parameter 
controlling  the  locations  of  primary  fatigue  origins,  see  figure  5  and  table  8.  At  a  maximum  stress 
level  of  210  MPa  most  failures  began  in  the  bores  of  fastener  holes.  On  the  other  hand,  at  a  maximum 
stress  level  of  144  MPa  most  failures  began  at  bore/faying  surface  comers  and  the  faying  surfaces. 

Pre-exposure  and  fatigue  in  salt  spray  especially  promoted  failure  in  the  fastener  holes.  It  is 
likely  that  environmental  effects  will  be  greater  when  they  promote  characteristic  failure  modes. 

This  explains  why  the  observed  effects  were  relatively  greater  at  the  higher  maximum  stress  level. 

Some  evidence  for  environmental  effects  being  greater  when  they  promote  characteristic  failure 
modes  is  provided  by  the  correlation  of  fatigue  live3  and  primary  fatigue  origins  in  figure  6,  bearing 
in  mind  that  pre-exposure  and  fatigue  in  salt  spray  promoted  failures  in  the  fastener  holes  at  both 
stress  levels  and  also  that  the  number  of  bore/faying  surface  corner  failures  was  promoted  or 
maintained  for  a  maximum  3tress  level  of  144  MPa. 


>  / 


There  is  a  corollary  to  this  explanation  of  why  the  environmental  effects  were  rilatively  greater 
for  a  higher  maximum  stress  level,  in  contrast  to  many  other  data.  Correct  assessment  -f  environmental 
effects  requires  the  specimens  to  be  realistic:  the  CFCTP  core  programme  specimens  close? v  simulated 
a  fatigue  critical  structural  joint  and  their  behaviour  is  more  likely  to  be  representative  than  that 
of  coupons,  which  constitute  the  majority  of  specimens  used  in  environmental  fatigue  testing. 

i 

4,2,2  Relative  effects  of  p re -exposure  and  fatigue  in  salt  spray 

| 

Corrosion  on  the  fracture  surfaces  of  some  specimens  pre-exposed  and  fatigued  in  air  provides  an  , 

explanation  of  the  similar  effects  of  pre-exposure  and  fatigue  in  salt  spray.  ! 


ffUMARY  FATIGUE  ORIQIM*. 


primary  fatigue  origin 
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Fig.  8  Sunn  ary  diagram  (figure  3)  and  the  mean  fatigue  lives  of 
specimens  with  uncorroded  fracture  surfaces  after  pre¬ 
exposure  +  fatigue  in  air 


For  pre-exposure  +  fatigue  in  air  the  mean  lives  of  specimens  with  corroded  fracture  surfaces  were 
significantly  shorter  than  those  of  uncorroded  specimens,  table  7.  This  corrosion  must  have  been  caused 
by  an  aggressive  environment  inside  the  specimens  during  fatigue  testing,  i.e.  both  pre-exposure 
and  environmental  fatigue  took  place.  The  occurrence  of  environmental  fatigue  in  some  tests  resulted  in 
overall  mean  lives  similar  to  those  obtained  from  fatigue  in  salt  spray.  This  is  shown  in  figure  8, 
which  compares  the  summary  diagram  of  figure  3  and  the  mean  lives  of  specimens  with  uncorroded  fracture 
surfaces  after  pre-exposure  ♦  fatigue  in  air. 


U.2. 3  Pre-exposure  *  fatigue  in  air  data  scatter 

Greater  scatter  in  the  data  for  pre-exposure  ♦  fatigue  in  air  at  the  higher  maximum  stress  level  of 
210  MPa  may  be  explained  as  a  combination  of  the  explanations  in  sections  U.2.1  and  U.2.2  plu3  an 
additional  factor,  the  variation  in  efficacy  of  the  cleaning  procedure  for  specimens  after  pre-exposure. 

At  the  higher  maximum  stress  level  of  210  MPa  there  were  many  more  specimens  with  corroded  fracture 
surfaces  and  they  showed  relatively  large  reductions  in  fatigue  life,  see  table  7.  This  is  most 
probably  because  the  presence  of  an  aggressive  environment  inside  the  specimens  promoted  the  characteris¬ 
tic  failure  mode  of  fatigue  initiation  in  the  fastener  holes.  Since  these  specimens  were  distributed 
amongst  most  of  the  participants,  as  is  rem-rked  in  table  6,  it  must  be  concluded  that  the  efficacy  of 
the  cleaning  procedure  after  pre-exposure  was  variable.  This  variability  increased  the  overall  scatter 
in  the  data. 

The  cleaning  procedure  after  pre-exposure  will  be  discussed  further  in  section  U.U  with  a  view  to 
amending  it. 

U.3  Primary  Fatigue  Origins 

Primary  fatigue  origins  were  determined  with  the  main  purposes  of  classifying  and  correlating  them 
with  respect  to  environmental  effects,  stress  levels  and  fatigue  lives.  This  was  necessary  for 
explaining  the  results  of  the  CFCTP  core  programme,  as  is  made  clear  in  sections  U.2.1  -  h.2.3. 

In  a  wider  context  it  is  evident  that,  examination  with  respect  to  fatigue  origins  and  fracture 
surfaces  is  essential  to  the  understanding  of  environmental  fatigue  behaviour  for  realistic  specimens 
and  testing  conditions. 

U.U  Amendment  of  the  Cleaning  Procedure  After  Pre-exposure 

In  section  7.2  of  Part  1  of  this  report  the  cleaning  procedure  after  pre-exposure  of  the  CFCTP 
core  programme  specimens  was  specified  to  be 

•  30  minutes  rinse  in  copious  amounts  of  tap  water  at  291-298K 

•  final  rinse  in  distilled  water  at  291-298K  for  not  less  than  1  minute 

•  air  dry  at  323K  for  30  minutes. 

The  specimens  were  then  to  be  fatigue  tested  as  soon  as  possible,  preferably  immediately.  If  delay 
was  unavoidable  the  specimens  were  to  be  stored  in  a  desiccator  at  room  temperature  until  fatigue 
testing  could  begin. 

Host  of  the  participants  fatigue  tested  pre-exposed  core  programme  specimens  within  a  few  hours 
cleaning.  However,  the  NLR  stored  all,  and  the  AFWAL  some,  of  the  specimens  for  several  days  in 
desiccators.  Table  6  shovs  that  only  one  of  the  specimens  pre-exposed  and  fatigue  tested  in  air  by  the 


NLR  and  AFWAL  had  corrosion  on  the  fracture  surface.  Also  the  fatigue  lives  tended  to  be  relatively 
long  and  exhibited  less  scatter  at  a  maximum  stress  level  of  210  MPa  as  compared  to  those  determined 
by  most  of  the  other  participants. 

As  discussed  in  section  4.2.3  it  must  be  concluded  that  the  efficacy  of  the  cleaning  procedure 
was  variable.  Specimen  storage  in  a  desiccator  for  several  days  reduced  the  variability.  This  i3 
considered  sufficient  ground  for  amending  the  cleaning  procedure  as  follows: 

•  30  minutes  rinse  in  copious  amounts  of  tap  water  at  291-298K 

•  final  rinse  in  distilled  water  at  291-298K  for  not  less  than  1  minute 

•  air  dry  at  323K  for  60  minutes 

e  desiccator  storage  at  room  temperature  for  not  less  than  1  week. 

This  change  in  specification  refers  to  any  further  tests  according  to  the  core  programme  requirements 
and  also  to  the  cleaning  procedure  after  pre-exposure  of  supplemental  testing  programme  specimens,  see 
sections  7.2,  7.4,  9.1,  9.2  and  10.2  cf  Part  1  of  this  report. 

5.  CONCLUSIONS 

The  core  programme  of  round-robin  testing  for  the  AGARD-coordinated  corrosion  fatigue  cooperative 
testing  programme  (CPCTP)  has  demonstrated  that 

(1)  The  participants  may  be  confident  in  one  another's  fatigue  testing  capabilities. 

(2)  The  specimens  and  testing  conditions  were  highly  reproducible. 

(3)  Environmental  effects  on  fatigue  lives  were  significant  and  consistent. 

(4)  Choice  of  realistic  specimens  is  necessary  for  correct  assessment  of  environmental  effects. 

(5)  Examination  vith  respect  to  fatigue  origins  and  fracture  surfaces  is  essential. 

(6)  The  cleaning  procedure  after  pre-exposure  should  be  modified  in  further  tests. 

Finally,  we  conclude  that  supplemental  testing  prograames  directed  to  the  requirements  of 
individual  participants  may  be  carried  out  with  confidence  that  the  results  from  different  laboratories 
can  be  compared. 
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ANNEX  1 


(TORE  SPECIMEN  EXAMINATION  AT  THE  RAUFOSS  AMMUNITION  FACTORY 


1 


INTRODUCTION 


The  fracture  surfaces  of  CFCTP  core  programme  specimens  tested  by  the  Norwegian  Army  Material 
Command  (coordinator  NDRE)  were  examined  by  Dr.  K.  Asb^ll  of  the  Raufoss  Ammunition  Factory.  All  these 
specimens  were  inspected  using  a  stereo  microscope.  Several  specimens  were  selected  for  detailed 
examination  using  scanning  electron  microscopy.  In  addition,  metallographic  sections  of  two  specimens 
pre-exposed  and  fatigued  in  air  were  made  through  the  countersink  areas  of  fastener  holes  to  determine 
the  type  of  corrosion. 

The  data  provided  by  Dr.  Asb^ll  form  the  basis  for  the  following  discussion  prepared  by  the 
European  coordinator. 


2.  CLASSIFICATION  OF  PRIMARY  AND  SECONDARY  ORIGINS  OF  FATIGUE 

Classification  of  the  primary  and  secondary  fatigue  origin  data  for  the  NDRE  specimens  is  done  in 
table  1.  There  are  three  3ub-divisions ,  which  will  be  considered  consecutively.  First,  listing  the 
fatigue  lives  and  origins  per  stress  level  and  fatigue  testing  schedule  shows  that  fatigue  origins 
determined  by  both  observers  generally  agreed. 

The  most  probable  locations  of  primary  fatigue  origins  were  subtracted  from  the  data  to  prepare 
the  second  and  third  parts  of  table  1.  These  have  been  simplified  by  allocating  the  five  recorded  D/P 
secondary  fatigue  origins  to  E/Q  locations.  The  data  show 

•  more  than  twice  as  many  secondary  fatigue  origins  for  the  higher  maximum  stress  level  of 
210  MPa,  namely  56:2 6 

•  no  essential  differences  in  the  ratios  of  E/Q:F/R:G/S  locations  at  each  stress  level 

•  no  marked  influence  of  pre-exposure  and/or  fatigue  in  salt  spray  on  the  locations  of 
secondary  fatigue  origins. 


Figure  1  compares  percentages  of  the  three  main  types  of  primary  fatigue  origin  for  the  complete 


Fig.  1  Primary  fatigue  origins  (complete  CFCTP  core  programme)  compared 
with  secondary  fatigue  origins  (NDRE)  per  stress  level 


core  programme  (see  figure  5  in  Part  2  of  the  report)  with  the  percentages  of  types  of  secondary 
fatigue  origins  for  the  NDRE  specimens.  There  is  a  strong  tendency  for  secondary  fatigue  origins 
to  occur  at  bore/faying  surface  corners  (F/R)  of  fastener  holes.  This  contrasts  with  the 
distribution  of  primary  fatigue  origins  in  two  ways: 

•  for  a  maximum  stress  level  of  210  MPa  the  primary  fatigue  origins  were  mainly  in  the  bores 
(E/Q)  of  fastener  holes 

•  for  a  maximum  stress  level  of  lUk  MPa  the  primary  fatigue  origins  were  mainly  at  the  bore/faying 
surface  corners  (F/R)  and  the  faying  surfaces  (G/S). 

The  effect  of  stress  level  on  the  locations  of  primary  fatigue  origins  provides  a  partial 
explanation  of  the  distribution  of  secondary  fatigue  origins.  Once  a  primary  fatigue  crack  initiated 
the  local  decrease  in  stiffness  would  result  in  load  shedding  to  other  locations  with  the  consequence  of 
higher  stresses  there.  These  higher  stresses  might  be  expected  to  promote  secondary  fatigue  crack 
initiation  in  the  bore3  of  fastener  holes,  notably  at  the  expense  of  failures  initiating  at  faying 
surfaces  for  a  (nominal)  maximum  stress  level  of  ikk  MPa. 
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Figure  1  shows  that  there  is  some  merit  to  this  argument.  However,  the  predominance  of  secondary 
fatigue  origins  at  bore/faying  surface  corners  of  fastener  holes  indicates  an  additional,  important 
factor  besides  load  shedding.  This  additional  factor  is  most  likely  to  be  local  distortion  owing  to  the 
presence  of  a  pr  aesy  fatigue  crack.  Such  distortion  could  result  in  the  bore/faying  surface  comers 
of  the  fatigue  specimen  -1  being  preferentially  damaged  by  rubbing  against  the  half  plate  -2,  thereby 
facilitating  secondary  fatigue  crack  initiation  at  these  corners. 


TABLE  1:  FATIGUE  LIFE  AND  ORIGIN  DATA  FOR  THE  NDRE  CORE  PROGRAMME  SPECIMENS 


•  NUMBERS  OF  SECOND¬ 
ARY  ORIGINS  PER 
STRESS  LEVEL  AND 
FATIGUE  TESTING 
SCHEDULE 


•  TOTAL  NUMBERS  OF 
SECONDARY  ORIGINS 
PER  STRESS  LEVEL 
AND  PHASE  OF  THE 
CFCTP  CORE 
PROGRAMME 


*  KEY  TO  LOCATIONS 
OF  FATIGUE  ORIGINS 


•  FATIGUE  LIVES  AND 
ORIGINS  PER  STRESS 
LEVEL.  AND  FATIGUE 
TESTING  SCHEDULE 


S  =  210  MPa 

max 

S  a  144  MPa 

max 

FATIGUE 

TESTING 

SCHEDULES 

FATIGUE 
LIFE  TO 
FAILURE 
(CYCLES) 

FATIGUE 

ORIGINS* 

(as  BOLL) 

PRIMARY 

FATIGUE 

ORIGINS* 

(WANHILL) 

FATIGUE 
LIFE  TO 
FAILURE 

(cycles! 

FATIGUE 

ORIGINS* 

(ASB0LL) 

PRIMARY 

FATIGUE 

ORIGINS* 

(WANHILL) 

25,310 

1FED ,  1Q,2F,2Q 

E 

175,510 

1F.1R 

R 

fatigue  in 

25,500 

IE ,  1R,2R  ,2Q 

81,170 

IE, 1R,2F,2S 

R 

air 

19,210 

1G,1RQ,2F,2RQ 

E 

111,500 

1F,2F,2S 

G 

21,9*10 

1F,1R,2F,2Q 

Q 

146,240 

1G,1R 

G 

pre-exposure 

♦ 

2*1,551 

1B,1Q,2B,2E; 

2Q 

B.Q 

71,820 

1F,1RP,2R 

B 

fatigue  in 

18,670 

1F,1R,2F,2R 

R 

71,920 

2E,2N 

B 

air 

12,200 

1FE, 1R ,2FE ,2R 

F 

72,111 

2F,2RP 

R 

3930 

2FE.2RQ 

Q 

76,120 

2E,2Q 

E 

13,626 

1R,2F,2R 

E,R 

92,929 

IF, IQ 

F 

fatigue  in 

9106 

1E,1RQ,2F,2RQ 

Q 

82,561 

1F,1R 

G 

salt  spray 

1 1 ,026 

1E.1RQP 

E 

4  5, 2*iO 

2G.2RQP 

G 

10,137 

1R,2FE,2R 

F 

121,584 

- 

— 

pre-exposure 

10,100 

1FE,1Q,2F,2Q 

Q 

106,209 

1R.2F.2R 

R 

♦ 

11,426 

2F.2RQ 

E 

22,608 

1F.1R 

E 

fatigue  in 

7093 

1FE,1R,2F,2Q 

Q 

76,44 2 

1F,1S,2F,2R 

R 

salt  spray 

879*1 

1FE, 1R ,2E,2R , 
2Q 

E 

121,927 

s 

max 

*  210  MPa 

~S  =  lU  MPa 
max 

FATIGUE  TESTING  SCHEDULES 

e'q 

f/r 

G/S 

e'q 

F4 

G's 

fatigue  in  air 

6 

8 

1 

1 

5 

1 

pre-exposure  +  fatigue  in  air 

5 

8 

2 

4 

4 

0 

fatigue  ir.  salt  spray 

4 

7 

0 

3 

2 

0 

pre-exposure  +  fatigue  in  salt  spray 

6 

9 

0 

0 

5 

1 

‘  ‘  ■—  ' 

s 

max 

*  210  MPa 

s 

max 

*  lUl*  MPa 

PHASE 

e'q 

f'r 

C/S 

e/q 

f/r 

G's 

I  (fatigue  in  air) 

:i 

16 

3 

5 

9 

1 

II  (fatigue  in  salt  spray) 

10 

16 

0 

3 

7 

1 

I  AND  II 

21 

32 

3 

8 

16 

2 
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3.  FRACTOGRAPHS  OF  FATIGUE  ORIGINS 


Part icular 'features ^to^ote^are 3  ^  ^  teSti“«  schedul~  «  «*»* d  in  figure  2. 


•  for  the  two  fatigue  origins  at  bore/faying  surface 
the  fracture  surface  markings  pointing  back  to  the 
pre-exposed  and  fatigued  in  salt  spray 


corners  of  the  fastener  holes,  (a)  and  (d) 
origin  are  less  obvious  for  the  specimen 


•  fatigue  initiation  at  a  corrosion  pit  for  a  specimen  pre-exposed  and  fatigued  in  air 
.  multiple  fatigue  origins  in  the  bore  of  a  fastener  hole  for  a  specimen  fatigued  in  salt  spray, 


**•  METALLOGRAPHY  OF  CORROSION  DUE  TO  PRE-EXPOSURE 


1. 


INTRODUCTION 


The  statistical  methods  used  to  analyse  the  CFCTP  core  programme  fatigue  life  data  were  listed 
according  to  purpose  in  table  h  of  Part  2  of  the  report.  This  table  is  repeated  here  as  table  1.  The 
methods  will  be  illustrated  in  sections  2. 1-2.7  of  this  Annex. 

TABLE  1  :  STATISTICAL  METHODS  USED  TO  ANALYSE  THE  CFCTP  CORE  PROGRAMME  DATA 


PURPOSE  OF 

ANALYSIS 

TEST  TOR 
NORMALITY 

BOX  TEST  FOR 
HOMOGENEITY 
OF  VARIANCES 

BARTLETT 

HOMOGENEITY 
OF  VARIANCES 

SINGLE 

FACTOR 

ANALYSIS 

OF 

VARIANCE 

SCHEFFE  TEST 
FOR 

INDIVIDUAL 

COMPARISONS 

t -STATISTIC 
EVALUATION 

LIPSON  AND 

SHKTH 

METHOD 

CHECK  FOH  DIFFERENCES’ 
BETWEEN  LABORATORIES 

• 

• 

• 

• 

CHECK  FOR 

ENVIRONMENTAL  EFFECTS 

'  • 

• 

• 

CHECK  SUFFICIENCY  OF 
SAMPLE  SIZE 

• 

2.  ILLUSTRATION  OP  METHODS 

2. 1  Checking  for  Normal  Distribution 

The  data  were  considered  to  belong  to  eight  different  populations  corresponding  to  each  of  the 
four  fatigue  testing  schedules  in  combination  with  each  of  the  two  stress  levels.  The  sample  size  was 
32.  Each  population  was  arranged  in  ascending  order  of  fatigue  life  and  a  cumulative  probability  of 
failure  was  assigned  to  each  datum.  Then  the  data  were  plotted  on  arithmetic  normal  and  logarithmic 
normal  probability  paper. 

It  was  found  that  straight  lines  fitted  the  data  closely  when  plotted  on  logarithmic  normal 
probability  paper,  figure  1.  Thus  the  data  for  each  population  approximate  to  a  log-normal  distribution. 
This  means  that  the  data  may  be  treated  in  the  same  way  as  random  variables  in  a  normal  distribution 
provided  that  the  logarithm  of  each  datum  is  used. 

2.2  The  Box  Test  for  Homogeneity  of  Variances 

To  check  for  differences  between  laboratories  the  data  were  considered  to  belong  to  sixty-four 
populations  with  a  sample  size  of  It,  corresponding  to  the  number  of  specimens  tested  by  each 
laboratory  for  each  fatigue  testing  schedule  and  stress  level.  The  small  sample  size  required  the  Box 
test  to  be  used  to  determine  whether  the  variances  of  the  populations  were  equal  (homogeneous). 

TABLE  2:  THE  BOX  TEST  PROCEDURE 


FATIGUE  IN  AIR  AT  A  MAXIMUM 

STRESS  LEVEL 

OF  210  MPa 

SAMPLE 

SAMPLE 

SUM  OF 

DEGREES  OF 

SAMPLE 

NUMBER 

SIZE 

SQUARES 

FREEDOM 

1 

VARIANCE 

log  s 

V  log  S2 

n 

ss 

v  =  n- 1 

V 

2  SS 

3  =  V 

1  NADC 

u 

0.018 

3 

0.333 

0.006 

-2.216 

-6.6U8 

2  SASKATCHEWAN 

u 

0.131 

3 

0.333 

0. 011  It 

-1.359 

-it.  078 

3  VOUGHT 

0.066 

3 

0.333 

0.022 

-1.657 

-I*.  972 

U  AFWAL 

it 

0.027 

5 

0.333 

0.009 

-2.0lt0 

-6.119 

5  NLR 

h 

0.010 

3 

0.333 

O.OOlt 

-2.  It  55 

-7.365 

6  DFVLR 

O.OlIt 

3 

0.333 

0.005 

-2.339 

-7.017 

7  NEHE 

u 

0.010 

3 

0.333 

0.003 

-2.1i67 

—7 .  It0 1 

8  RAE 

L 

0.0  ill 

3  . 

0.333 

0.005 

-2.332 

— 6 .99U 

Ae-W 

SUM 

- 

- 

- 

2.66U 

- 

- 

-50.59!* 

POOLED 

- 

0.290 

2b 

O.0U2 

0.012  . 

-1.918 

-1*6.028 

DIFFERENCE 

- 

- 

- 

D(  =  2.622 

d2  =  it. 566 

K  =  2.3026 

D2  =  1 0 . 5 1 1* 

L  =  3Tk-iT  = 

1.125 

t 

11 

1  =  7 

k  «■  1 

=  576 

n  -  _  V2 

6lt5. 170 

FURTHER 

^  L* 

"  "  1  "  L  ♦  <2/v2>  *  - 

COMPUTATION 

K/v, 

F  =  d7v^  = 

1 .31*  1 

F0.05;v,;v2  = 

F0.05;7 ; 576 

=  2.03 

1.3^1  <  2.C3,  •*.  the  eight 

population  variances  are  equal 

PK3CEDIWG  PAGE  BLANK-HOT  FIUiED 


Fig.  la  Cumulative  probability  of  failure  versus  log  fatigue  life  for  CFCTP 
core  programme  specimens  vith  S  »  210  MPa 

BISJC 


Fig.  1b  emulative  probability  of  failure  versus  log  fatigue  life  for  CFCTP 
core  programme  specimens  with  3m.  ■  lUlt  MPa 


The  Box  test  procedure  is  illustrated  in  table  2.  More  details  are  available  in:  J.C.R.Li, 
Statistical  Inference  I,  Edwards  Brothers  Inc.,  Ann  Arbor,  Michigan  (1961*), 

2.3  The  Bartlett  Test  for  Homogeneity  of  Variances 

To  check  for  environmental  effects  the  data  for  each  fatigue  testing  schedule  and  stress  level 
were  treated  as  coming  from  the  same  population.  Thus  no  distinction  was  made  betveen  the  data  from 
different  laboratories,  and  the  sample  size  was  32.  This  fairly  large  sample  size  enabled  the  Bartlett 
test  to  be  used  to  determine  whether  the  variances  of  the  populations  were  equal. 

The  Bartlett  test  procedure  is  illustrated  in  table  3.  More  details  are  available  in:  J.C.R.Li, 
Statistical  Inference  I,  Edvards  Brothers  Inc.,  Ann  Arbor,  Michigan  (196U). 

2.4  Single  Factor  Analysis  of  Variance 

Single  factor  analysis  of  variance  was  applied  to  check  for  significant  differences  in  the  data  from 
different  laboratories  for  each  fatigue  testing  schedule  at  each  stress  level.  Thus  the  *ata  were 
considered  to  belong  to  sixty-four  populations  with  a  sample  size  of  U.  Before  proceeding  .n  analysis 
of  variance  it  was  necessary  to  check  whether  the  population  variances  were  equal.  As  already  mentioned 
in  section  2.2  of  this  Annex,  the  small  sample  size  required  the  Box  test  to  be  used  for  this  check. 

It  was  found  that  the  population  variances  vere  equal  except  for  a  moderate  violation  in  the  case  of 
comparison  of  the  eight  populations  for  pre-exposure  ♦  fatigue  in  air  at  a  maximum  stress  level  of 
iWt  MPa. 

This  result  enabled  application  of  single  factor  analysis  of  variance,  which  is  illustrated  in 
three  consecutive  stages  in  table  U,  More  details  are  available  in:  C.  Lipson  and  H.J.  Sheth, 

Statistical  Design  and  Analysis  of  Engineering  Experiments,  McGraw-Hill  Book  Company,  New  York  (1973). 


TABLE  3:  THE  BARTLETT  TEST  PROCEDURE 


COMPARISON 

OF  POPULATION  VARIANCES  FOR 
FATIGUE  IN  AIR  AT  A  MAXIMUM 

FATIGUE  IN  AIR  AND  PRE-EXPOSURE  ♦ 
STRESS  LEVEL  OF  210  MPa 

SAMPLE 

NUMBER 

SAMPLE 

SIZE 

n 

SUM  OF 
SQUARES 

SS 

DECREES  OF 
FREEDOM 
v  «  n-1 

V 

H 

,  2 
log  s 

.  2 
u  log  s 

1  fatigue  in 
air 

32 

0.496 

31 

0.032 

0.016 

-1.796 

-55.685 

2  pre-exposure 
♦  fatigue 
in  air 

32 

1.870 

31 

0.032 

0.060 

-1.220 

-37.808 

k  »  2 

SUM 

- 

- 

- 

0.064 

-  ■ 

- 

-93.493 

POOLED 

- 

2.336 

62 

0.016 

0.038 

-1.4l8 

-87.939 

DIFFERENCE 

- 

- 

- 

D,  *  0.048 

- 

- 

*  0.016 

^2 

L  2(k-l! 

2  _  K 

X  1  ♦  L 

FURTHER 

COMPUTATION 

2 

x  0.05;k-l 

.  2 

x  0.05;1 

3.841 

12.508  >  3.841,/.  the  two  population  variances  are 

not  equal 

A  significant  inter-laboratory  difference  was  indicated  with  93  t  confidence  for  fatigue  in  salt 
spray  at  a  maximum  stress  level  of  210  MPa.  To  locate  the  source,  or  sources,  of  this  significant 
difference  the  Scheffl  test  was  applied  to  the  relevant  data. 

2.5  The  Schefrf  Test 

This  is  a  test  of  significance  for  a  difference  between  any  two  means.  The  Scheffl  test  was  used 
to  locate  the  source,  or  sources,  of  a  significant  inter-laboratory  difference  in  the  data  for  fatigue 
in  salt  spray  at  a  maximum  stress  level  of  210  MPa.  The  test  procedure  is  illustrated  in  table  5. 

More  details  are  available  in:  G.M.  Smith,  A  Simplified  Guide  to  Statistics,  Fourth  Edition,  Holt, 
Rinehart  and  Uinston  Inc.,  Hew  York  (1970). 

2.6  The  t-Statistic  Evaluation 

The  t-static  evaluation  procedure  was  used  to  check  the  significance  of  environmental  effects. 

This  procedure  was  used  instead  of  two  factor  analysis  of  variance  because  the  Bartlett  test.  Annex  2.3, 
showed  that  several  population  variances  were  not  equal  when  the  data  were  compared  for  different 
fatigue  testing  schedules  at  each  stress  level. 

The  t-atatistic  evaluation  procedure  was  standard  for  comparisons  of  data  with  equal  variance  and 
■edified  for  comparisons  of  data  with  unequal  variance.  Both  kinds  of  procedure  are  illustrated  in 
table  6.  More  details  are  available  in:  J.C.R.Li,  Statistical  Inference  I,  Edvards  Brothers  Inc.,  Ann 
Arbor,  Michigan  ( 1 96U ) . 

2.7  The  Lipaon  and  Sheth  Method 

This  method  was  used  to  check  for  sufficiency  of  replicate  test  sample  size,  namely  4  specimens  per 
test  condition  per  participant.  The  method  involves  selecting  an  acceptable  error  level,  usually  5  % 
or  10  I,  and  finding  the  required  sample  size  for  a  particular  confidence  level.  It  is  illustrated  in 
table  7*  More  details  are  available  in:  C.  Lipson  and  N.J.  Sheth,  Statistical  Design  and  Analysis  of 
Engineering  Experiments,  McGraw-Hill  Book  Company,  New  York  (1973). 


/ 


TABLE  U:  SINGLE  FACTOR  ANALYSIS  OF  VARIANCE 
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TARI.K  (>:  THE  t-.ITATMTIC  EVALUATION 


STANDARD  PROCE¬ 
DURE  FOR  DATA 
WITH  EQUAL 
VARIANCE 


COMPARISON  OK  DATA  FOR  FATIGUE  IN  AIR. AND  PRE-KXI  OGUHK  ♦  FATIGUE  IN  AIR  AT  A 
MAXIMUM  THE.".'-  LEVEL  OK  l-'iL  MI'n 


SAMPLE  NUMBER 


1  fatigue  in  air 

2  pre-exposure  +  fatigue  in  air 


*  Note  that  the  sample  size  is  31  ami  not  IS.  TTiis  is  because  two  suspect  outliers 
are  exc luL. u .  TTiese  are  -the  University  of  Saskatchewan  datum  of  L 1 9 ,690  cycles 
for  fatigue  in  air  and  the  RAE  datum  of  'NY  ,955  cycles  for  pre-exposure  + 
fatigue  ir.  air. 


The  95  t  confidence  interval  for  the  t-statistic  with  60  degrees  of  freedom  is 
(-2.000,2.000).  The  calculated  t-statistic  (2.752)  falls  outside  this  confidence 
interval.  Hence  it  can  be  concluded  with  95  S  confidence  that  there  is  a 
significant  difference  between  the  data  for  fatigue  in  air  and  pre-exposure  + 
fatigue  in  air  at  a  maximum  stress  level  of  iLb  MPa,  i.e.  the  effect  of 
pre-exposure  was  significant  at  this  stress  level. 


COMPARISON  OF  DATA  FOR  FATIGUE  IN  AIR  AND  PRE-EXPOSURE  +  FATIGUE  IN  AIR  AT  A 
MAXIMUM  STRESS  LEVEL  OF  210  MPa 


SAMPLE  NUMBER 


1  fatigue  in  air 

2  pre-exposure  + 
fatigue  in  air 


DEGREES  OF 
FREEDOM 


32  O.L96 


32  1.870 


•  MODIFIED  PROCE¬ 
DURE  FOR  DATA 
WITH  UNEQUAL 
VARIANCE 


The  95  t  confidence  interval  for  the  t-statistic  with  h6  degrees  of  freedom  is 
(-2.009,2.009).  The  calculated  t-statistic  (5.581)  falls  outside  this  confidence 
interval.  Hence  it  can  be  concluded  with  95  5  confidence  that  there  is  a 
significant  difference  between  the  data  for  fatigue  in  air  and  pre-exposure  ♦ 
fatigue  in  air  at  a  maximum  stress  level  of  210  MPa,  i.e.  the  effect  of 
pre-exposure  was  significant  at  this  stress  level. 
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14-Abstract 

The  objectives  of  the  programme  are: 

—  to  assess  the  effectiveness  of  state-of-the-art  protection  schemes  for  aluminium  alloys  with 
respect  to  corrosion  fatigue  and  corrosion  +  fatigue 

—  to  stimulate  the  development  of  new  protection  products,  procedures  and  techniques 

-  to  bring  researchers  on  both  sides  of  the  Atlantic  together  in  a  common  testing  effort  that 
would  result  in  a  better  understanding  of  the  corrosion  fatigue  phenomenon  and  the 
means  of  mitigating  it  for  aerospace  structural  materials 

-  to  enable  participating  laboratories  to  add  to  their  fatigue  testing  capabilities  by  using  a 
controlled  atmospheric  corrosion  environment. 

Within  this  context,  a  core  programme  was  conceived  as  a  two-phase  programme  of  round- 
robin  testing  to  establish  whether  participants  could  obtain  confidence  in  one  another’s 
fatigue  testing  capabilities.  At  the  same  time  the  programme  was  designed  to  be  sufficiently 
straightforward  to  encourage  participation,  particularly  by  those  with  relatively  little 
experience  of  corrosion  fatigue  testing. 

This  report  is  comprised  of  the  programme  manual  and  a  description  of  the  scope  and  purpose 
of  the  core  programme,  followed  by  presentation  of  the  results,  statistical  analysis,  discussion 
and  conclusions. 


This  Programme  was  sponsored  by  the  Structures  and  Materials  Panel  of  AGARD. 
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